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subject's systolic and diastolic pressures by monitoring certain Korotkoff sounds that occur

as the cuff is slowly deflated. The oscillometric technique, on the other hand, determines
these pressures, as well as the subject's mean pressure, by measuring actual pressure
changes that occur in the cuff as the cuff is deflated. Both techniques determine pressure
25  values only intermittently, because of the need to alternately inflate and deflate the cuff,
and they cannot replicate the subject's actual blood pressure waveform. Thus, true
continuous, beat-to-beat blood pressure monitoring cannot be achieved using these
techniques.
Occlusive cuff instruments of the kind described briefly above have generally been
30 somewhat effective in sensing long-term trends in a subject's blood pressure. However,
such instruments generally have been ineffective in sensing short-term blood pressure
variations, which are of critical importance in many medical applications, including
surgery.

The technique of arterial tonometry is also well known in the medical arts.
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25  contours of the subject's tissue overlying the artery being sensed. This has historically led to
inaccuracies in the resulting transducer signals. In addition, in some cases, this
incompatibility can cause tissue injury and nerve damage and can restrict blood flow to
distal tissue.

Other prior art techniques have sought to more accurately place a single tonometric

30  sensor laterally above the artery, thereby more completely coupling the sensor to the
pressure variations within the artery. However, such systems may place the sensor at a
location where it is geometrically "centered" but not optimally positioned for signal
coupling, and further typically require comparatively frequent re-calibration or

repositioning due to movement of the subject during measurement.
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the physical response of the arterial wall, tissue, musculature, tendons, bone, skin of the

wrist is no small feat, and inherently includes uncertainties and anomalies for each separate

individual. These uncertainties and anomalies introduce unpredictable error into any

measurement of blood pressure made via a tonometric sensor. Figs. 1 and 2 illustrate the

30  cross-section of a typical human wrist, illustrating the various components and their
relationships during normal (uncompressed) and applanated (compressed) states.

Fig. 3 graphically illustrates the foregoing principles, specifically the variability in

the tonometric measurements relative to the invasive “A-line” or true arterial pressure. Fig.

3 shows exemplary tonometric pulse pressure (i.e., systolic minus diastolic pressure) data
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non-invasively. The measured pressure may then be optionally scaled using parametric

25  data obtained from the subject (or other subjects, for example, on a statistical basis). In one
exemplary embodiment of the method, the portion of the tissue (e.g., that proximate to end
effectively surrounding the blood vessel of interest) is applanated or compressed to a level
which correlates generally to the maximum pulse pressure amplitude for the blood vessel.
This greatly minimizes the error between the true intra-vessel pressure and the tonometric

30  reading. The tonometric reading is then optionally scaled (adjusted) for any remaining error
based on parametric data comprising the body mass index (BMI) and pulse pressure (PP)
for the subject being evaluated. In certain cases, such as those where there is little error or
transfer loss resulting from the tissue interposed between the blood vessel wall and

tonometric transducer, little or no scaling is needed. In other cases (e.g., where the transfer



tononetric transducer, little or no scaling is needed. In other cases
(e.g., where the transfer -4 WO 03/065878 PCT/ US03/ 03486 | oss is

si gni fi cawD)3/06was i ng of the tononetric pressure readi ng maY/Use3/03486
appropriate. In one exenplary variant of the nmethod, discrete ranges of
paranetric bthas i s{gnifipant), BrlinPRY thertenonetiicpresssteardadingcihay bagpraomgiateerinmange  of
data correl ate - uni 1.Ni St N ctQ, set of
factors. 5 vy nEHE Gl M b ba BhERCRIE! b farRRdhe By (L EEERIVE B,

ci r cunf er enegab(iviE)l suchsthiiter ghedh, rasgechfalprcopelatas ® saataryn(@r dqaiviicstidy asdidg

t her eon. Infa secopqﬁaﬁ ect of the invention, an inproved apparatus for
appl anat i ng'¥1°58'& ?oacg?bvide non-i nvasi ve bl ood pressure neasurenents is
di scl osefl. The appasdtrsecapaprdns@diment) aapid aitad BN e veismsidcudtbapce Wty apply

a level of applanation or. . conpression to the tissue 10 proximte to the

bl ood vessel’ f&ﬂmepeanﬁIagﬂom%ﬁﬁwpﬁﬁeéjsmn?%%rret rically. In one exenplary
enbodi ment, the @AppkasnatbRe & tRNMBNENtIGAMANNPRSePappaifil o dpplahatink@gdui@ngul ar
pad having an _ aperture centrally located therein. The aperture is a

cyl i ndri cal PENEpENYRHY BIRed Bressves measpremeats indissiond dlhecPearaiug sempEses her ei n

and set to g RRAMEANEMAdadipRl b ¥Wphha reearz%hpmﬁ&m@r cohRsa6! (oo figge of
the pad. A drive nechanismis connected to the elenent to allow varying 15

|l evel s &9 f Broginatedo His bigsp vesedd while flprmedsurdngepreseyig togpmettisally s ingysp exentirpr s

Wi th positi gReRMEQESRS apMrBtiGTTOLANR SohBriRe aMubstiMifR RERRM: Lh@Mag: 9f the
appl anation element with respect to the blood vessel/tissue. In athird
aspect of t #erthgespirdliyrocatgd thasgin.ovide apgsturroly o oiindriselaghapryhaving st dr medre

S L : Qs di T t hod
appl ana |on5%g{,ref¥%§&ﬁ%r£'gls DETRAYDAN &t RAL Fgagt%%eaacg OV P Rect @ethye 0

general ly conpri ses va@§|ng the position o rementione

appl anat i oncatashremfaca ¢flthe pade At dsive mechirnsodis vermsetd wubhelehertt toalfop vagying
henmodynagm ¢ b &1.0ns, W thi . bl.o I created over tine. The
opt i mal 1 evisropt SisREbiale ba el e SERGR AR RN B por i epg

anal yzi ng dateaptiytdtanpotimitqmerive tpositadihgy off therpplhvetityl cledentegigetesfect ®. the t he
overlying tL]ss(ree) the optimal |evel subsequently being established to
noni tor the’§& ‘éé%egﬁssb%r aneter. In one exenplary 25 enbodi nent, the
henpdynani ¢ par afret eirdCRpERE b &% avérgibh,adn bhpeddpheksufee, loclifly tHieoptimal

appl anation elenent .is varied in Bosi tion with, ‘rgt?sséggg{ to the bl ood vessel

so as to cr@pasation for mepsuLiag dienof amic, arag et s diprethadozenealy cal | ed

"appl anag i ogoreptREPVaryind iR SRTHOARI thetdTleMBAIInEd afii&idiion WBRER tRGvdoGhest or
maxi mum pul se pressure is observed. An_algorithm is used to iteratively

anal yze t heblppdycssrl sudhdlat vy ingdwmad et icronditgns wighia tedipod vgsse'rsmereatyd 30 t he

opt i mum (MBI PRlcSRBRARE R beIppRAkMIN. forl he cRABhANAEA Qéierhﬁx’{e%lbyiaﬁal%{‘@g‘
adj usted or "servoed" around that maxi mal point, where additiona

nmeasur ement daihabtpingst aemefgcalycdeanm ghe tipad; whsl (i, thereverlying gosualy threentiowbl ogy
may be coupl.gd s%steﬁlue%9§ 'behé AthIRNORLHEEDr the selected parameter. In one exemplary
25  embodiment, the hemodynamic parameter comprises arterial blood pressure, and the
applanation element is varied in position with respect to the blood vessel so as to create a
progressively increasing level of compression (so-called “applanation sweep”). The optimal
applanation occurs where the highest or maximum pulse pressure is observed. An algorithm
is used to iteratively analyze the pressure waveform obtained during the sweep and identify
30 the optimum (maximum pulse pressure) point. The applanation level is then adjusted or
“servoed” around that maximal point, where additional measurement and processing
occurs. Optionally, the foregoing methodology may be coupled with optimization routines
and positional variations associated with one or more other dimensions (e.g., lateral,

proximal, and angle of incidence with respect to the normal, for the human radial artery),
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index is coﬁ‘ﬁé? 088 pfeésuée mﬁﬁséﬁ&egﬁsr‘ﬂe %b&mge tfr°8’f thﬁfﬂdﬂaéf‘?%{yf’tﬁ’ﬁtsim?ﬂ\@“’taﬁg ¥odex
value to éhﬁhysbq:lgid pﬁar‘lﬁﬁa‘slam@ uf%ﬂometfﬁstg@ararﬂ@? doﬁ{brﬁs@ ﬁth)Oﬂya\Mabi e I I
pressur ata. The scalin iteria may be either screte (e.g mul tiple
i ndex @H&?%g%ﬁﬁ%é@%ﬁ?@@cﬁ&rﬁ i f*&é?laﬂmea%@&m?@aedtw&f@wsw or
conti nuous (FfP) | An HRAILYbEratid BE tHe @M teHle PPAY ihB) fzMBd. bﬁu@ﬁ%@&m@'cbﬁlpﬂ@d to a
automatically (such as via a |ook-up table, algorithmor simlar rrechanlsm

in the syst Bisfaemingg sy of giteri “tee"lrtlﬁ&tﬂiev'@ﬂ‘?‘ Y?élfﬁ}alth?/ requigefc praking {Actgr & be

nonograph, gi@bl o He ARG ArissreSRRONHe SERL ARAL mayNe BN a.§cr&@|(@ged to
the wist circunference of the subject as determ ned fromthe subjéct. In

yet anot her malitplsdndrenbands’heavisigcdifferentsemting mactaspssogigted tsrosyith) @rcqoni"suous ed to
devel op & sgalkng ifﬂér}&}dn@@ scéhﬂ %aJ bd E%o@?%% alﬂf)mEtﬂ%g& ?rs‘éx‘c?ﬁlﬁé 012 185-LgPr oved

conmput er program for | npl enent orenent | one hods i's cI osed.
I n one exenfablgr wgerﬁbmdzrmtar nnehbarcmrpumersystqm @@%vem)colnﬁrerrwSelamaomlb/ct code

representation, Llag %—O ; Bh, quah gidisting, the object code
representation e|n % |n the program nmenory or sinilar storage

device of a 25 nincxr sftcom)ume«)dlmym dm BWtigs pelatgd acmtheswastaq:jtoedlfdrmcewf tber t he
m croprocess 0 er |3 ste M Iy r.e [ utlns for
ool onent | nglssEe s AR PTRBIR 3R RO Gl RUPHEREFbLPES
descri bea able‘a!ﬁbja:ltSUSmbldé&dbpM dchlinyg fulgiopr ogram  In a second exerrpl ary
enbodi ment, the co ter programconprises instructio d| s osed
W thin the st or 458 TEVIREes PEE AEb P e BABRd samBr Sgas ROy
digital 30thprasieaioned Methodd XtdiscRkSERCIn e Eﬂ&ﬁ]pldﬂyembb(ﬁﬂenta&eld@ﬁfpﬁtéf«‘d
non-i nvasi ve system for assessi né]
progfam comprises an object code representation of a C™* source code listing, the object
code representation being disposed in the program memory or similar storage device of a
25  microcomputer system. The program is adapted to run on the microprocessor of the
microcomputer system. One or more subroutines for implementing the applanation
optimization and scaling methodologies described above are included within the program.
In a second exemplary embodiment, the computer program comprises an instruction set
disposed within the storage device (such as the embedded program memory) of a digital
30  processor.
In a sixth aspect of the invention, an improved non-invasive system for assessing
one or more hemodynamic parameters is disclosed.  The system includes the

aforementioned applanation apparatus, along with a digital processor and storage device. In

one exemplary embodiment, the apparatus comprises a pressure transducer disposed in the

-6-



one or nore henodynam c paraneters is disclosed. The systemincl udes the
af orenenti oned appl anati on apparatus, along with a digital processor and
storage dwoiosmessis one exenpl ary enbodi nent, the apparat RETASOPOISES a
pressure transducer disposed in the -6 WO 03/ 065878 PCT/ US03/ 03486

app! anat i onapplasatien elgghdng vhich ivesed ta applappik hreaedialanery ofdi amanr Therpyomsssoa

and appl anali P anel shieARENE Y G RERhRE: B RRLBR M b he
pressure tr ﬁlnetlmtﬂserprcxdmsmlgg sighdo dfrpn eths upessune densdanentiyrigs biveddl passweent r ol
of the appl anation LSm rqcont r IIer The 5 SSor
further inclGt ursemé:’npr 0g ?‘gas %’él{r()l o‘?ﬂ? %@ﬁangahsonar?]ecg e é?ja F’I‘cé%ﬁ?g{tr@@r 3§')evm' th
t he af oréqﬁmb@fmdfuaﬂegomdlademﬂ@rm n’tehter)ej(such 13 ztrhanlfeddem Odsh m@mp)g@ﬁlr I
program ora coupl e pr ocessor, an ows
for stor ageﬁ’Sf %rﬁ?"ﬁ (gragf’gﬁ' Stor t«gerﬁlpe"gsﬁf ?df?@é‘%“teérf’d?%?mp?g%essor
during oper abnagendevhda lQEl@o eo(@rmlt@fhy pV@ESsarnbnd ﬁlhﬁ/s fama&ﬁg&tdfsiaffalgeﬁdméd bylcl udes
a second st ge deV| ce sociated 10 with

| C a
ey B 3R alte Vst e slpraeroreaay e Rrkriione Tn O AR YHEAer B ducer

and EEPRGVh;I&MtJQEfuﬂl&ﬁI ihdludedapReshdOdidraddy ddvite (B%efEEPT{l@vl)r ®hRN abh&ociated
transducer/EEPRO\/I assenbly is pre-configured given scaling data V\/m ch

i s partiGul ¥rh phedepastuser gr@rremg@g]yeqﬂugleﬂéq,flﬁgipeggtpsouchhptgiatath@frpqns@gce( ang. |

Wi thin a cepEPROM RREB) cadily shpsedf @6 B b udeN e Th RBlovalIOBhYsdBAeRk: E@R@Mthe
paranetrics, and selects the appropriate assenbly for use with the 15

appar at us. Fnemblp parat-cenfigniss | Wils eiisn spdlingpdatatdichalisupariguladly gdapigd fop
"corrected” g cg%avﬂgrcwﬁmp£r519mlese§eegﬁtéml ovhmlaﬁ@eqaﬁlarm)e) m laﬁg mogetn@rat' ng

the BM/PP rati o nee to enter he scaling function (
t abl e). Onceset simphiyrlopies he argwalrichgnd sedactsrthe @m@rl@t@tae&gmblytfor Wiss with the

aut onat i gal I e e rmn

cal i br a??ong%?ﬁg’gawﬁﬁaﬁﬁf%&r Seugﬁl?érggaj ébpﬁo[gr %yag’ﬁ\é@ﬁ% 5 i\;posnl%%r%?i f/?i/lluehg
oper at i on oflerivhe frappaceatiy obtatned datg)l tf@wbmgeﬁematmg 2@ BMYRP yatmceadaitte eated
conti nuous R %c?a%llr{é ?uncfgrgtn% dlookuB tfbrl]@t fo‘)rce ¢ ap roglll‘l%e aaL %/Pac?or tlshs%Iegteeg Op d

st or age devi ¢8°4's2con SO as to carry scal rng
factors/f un(stautonmtncaillyep;app nohe vatceled p&é@)e wa’tve‘idmnc MNoi cﬁbmr:ﬂnbsaaioe@t sdlisg tine
of use throu trlc ata,.su ar at us sev nt h
aspoct of ¢ REAPTER Sufi iy SRNGE et Er oPPEdRE vhEARAR T 2s a
subj ect 2@si hlnghltyh&u@ét@ﬁrﬁl@ﬁﬁﬂ@ﬂﬁﬂeﬁ%hﬁﬂﬁig@g| es is disclosed. The rret hod
general ly conprlses t he st pod vessel of the subject

e eI ect I
useful for neasufitAgh ?freéglgﬁlf‘@ VaH%Rt \ eéeﬁﬁ'i‘%ﬁg’tag%%"foﬁés W8 P ¥ an

opti mal | evgplurdiB@sikdalge ma)rwuﬁaﬁ)ug ,ahéagRopraeore(ts of WhRNGis MRS RLtell St
optimally agpl apated; scaling. the measured pressure data; and providing

treat ment t BINE ABUSE dpughipa éfdé‘F?St‘Pﬂ?@dé‘b‘&FéEPa&t‘éssure data. In one

exenpl ary enbodi|gBRteved akhie: dHiROdyeess &h iRpIREd H&Bod SirdvadlhlreARLRYY Of
the human being, and the aforenentioned
25  a subject using the aforementioned methodologies is disclosed. The method generally

comprises the steps of: selecting a blood vessel of the subject useful for measuring pressure

data; applanating the blood vessel to an optimal level; measuring the pressure data when the

blood vessel is optimally applanated; scaling the measured pressure data; and providing

treatment to the subject based on this scaled pressure data. In one exemplary embodiment,

30 the blood vessel comprises the radial artery of the human being, and the aforementioned

methods of optimally applanating the blood vessel and scaling the pressure waveform using
BMI/PP are utilized.

These and other features of the invention will become apparent from the following

description of the invention, taken in conjunction with the accompanying drawings.
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met hods of optimally applanating the blood vessel and scaling the pressure
waveformusing BM/PP are utilized. These and other features of the

i nvent i orwaioBlocisegome apparent fromthe followi ng descri pCirarsodbs4she

i nvention, taken in conjunction with the acconpanying draw ngs. -7 WD

03/ 065878 PCT/ US03/ 03486 Brief Description of the Drawings Fig. 1 is a
cross-sectional diagram of thBriefDestrigiiveaf gk Deawiexenpl ary human subj ect,
illustrating the..radi al arter. d other tissue and structures, inp. an
unapp! anat ed SeF('%?l]c'BﬁﬁF°€§’§%Ei§/“aZ? g ci?—fiﬂg‘:f‘. Wi iagea§?8? %@Pgaé‘é["fnb"f?aﬁ”gﬁ?tagr am
or the wi stlluataiag ofhe Fiadial lartetyl laudt othér migsuehendefstreatires,0in tadn anapbprahsted

appl anation on the rcﬁdi al artery and structures. Fig. 3 is a graph
i 11 ustrating U FEFASnshi p bet ween the tononetrically obtained pul se

pressure and therigar isespeRdidtigndl Avagsdny 6r hiatniet £ea ¢FFiki NeusPrting@hEmsUr €
for a typi ca|1 10 humap subj ect V\hep the radial artery is applanated to
mean art er i & OpRRLdgprplangtiqn onjhg radigl atiepeand seuctitthnal  vi ew of one embodi ment

of the appl anatifp appakAbNSILfratinkhee RILDAMp bAWEEH iheRenofedicatP obt@indd Pl an
view of the contact pad o theer?fppa,rat us of Flg. 4, illustrating the
rel ati onshi PGS 2AHPICLAEPOIIRG BMRSHIE cathgtepisting)mulse prpsruioep yPis! Fi g.

4b is a)1@i dRurkdnOBBjes8Mch oRahdiMiaf¥yQf applHREORnaaRdiIBRLs A, t he contact
pad, illustrating the use of nmulfiple layers of material. Fig. 4c is a

bott om pl an vi eWigf4 i atsieretpvatimaldyiens af orsfembedinenhelabe appiaration Jpparewaef ng
the use of gRLALLARIRMYCh vary as a function of radius fromthe center
appl anation efenent. Fig. 4d is a side plan view of a fourth enbodi nent of
the contact pad [og 4anea pRo view ehthe gantadtiphdiof thatepprgatehef Higed, dfusiratingithegy pad
mat eri al thjck 1.as. - i pl an vi ews,

respectivel i/e,%lgﬁlij ?Gﬂl‘%ﬁ agégrgﬁl&ﬁg%\'t%e@? hd ?%gesa{:%gﬁl gdgl? er|'oad of the invention.
Figs. 4@54h are hgt4boimazndt godeecqions wivenba secesp enbodinaént of tfe @nsicixpad,

enbodi nment he..cont { nvention. 25 Fig. 5 is a |ogical

. { fu t ttm hé u egfcr;[lulgal(ej aOfr toF'rEf:la erial. .
f1ow di agr alFTANEEAET Aigm YR WYes s T dnbodi ment of the general net hod
of measuring bl otig 4eries dotten piah Ngwogltd third edbadipb@ndticaonaccag Gilidtagng
IR AT AR TN MERRETC IR
i ndex and pul se fig.essw &.5id80pldri GiewdHr h Fodthgerapdtlirhddt uStth@tbiget a@lofrtpd ity of
al ter naE(i) Veinegrmog,nlﬂﬁsitggngstﬁggge o‘%rvgr];!nlg%gd material thickness.
Figs. 4e-4f are bottom and side plan views, respectively, of a fifth embodiment of
the contact pad of the invention.
Figs. 4g-4h are bottom and side plan views, respectively, of a sixth embodiment of
the contact pad of the invention.
25 Fig. 5 is a logical flow diagram illustrating one exemplary embodiment of the
general method of measuring blood pressure using optimized applanation and scaling
according to the invention.
Fig. 5a is a logical flow diagram illustrating one method of scaling an unscaled
tonometric waveform using body mass index and pulse pressure.
30 Fig. 5b is a graph illustrating a plurality of alternative applanation sweep profiles
useful with the present invention.
Fig. 5c is a graph showing one exemplary method of identifying and eliminating
noise artifact from a tonometric pressure waveform using an external signal.

Fig. 5d is a logical flow diagram illustrating one exemplary embodiment of the



useful with the present invention. Fig. 5¢c is a graph show ng one exenpl ary

nmet hod of identifying and elimnating noise artifact froma tononetric

pressur e wawabeisms usi ng an external signal. Fig. 5d is a lpogiusad/ofsBOw

diagramillustrating one exenpl ary enbodi nent of the -8 WD 03/ 065878

PCT/ US03/ 03#8thodref vodlingf hegeallynangic examtyments (usmgaB v emd ity dcusriling tBhe and

PP) accordin to the invention. Fig. 5e is a graph show ng the

rel ati onshi PrBEeen BM /PP and error factor for radial artery data

derived from a skigpieeisaf ghpHrstiowkied thg&elat’ﬁanE%Ml betvfeeh BMI/RF ajhersd ditdtardfot he

rel ationshi q ? ween act ual .and uncF cted .tononetric systolic pressure
e

for the sa Yterefigja dgiyed fpm a saMPieor AURINIRNES 1 owi ng the rel ati onshi p

bet vvleen ?ct ual arpgl SN GOrar %&bﬁfckhoivmgoﬂietﬂélaﬁorﬁih@sbélbvleéh aléteaswdeumhe&tb&
sanple of Fig. 5 5h 1s_a showi ng an exenplary "zero nean
t onometric B“r“%@%tﬂi:éysm%ﬁp&ﬁ%?g’l’meﬁ@gl%lre i8Pafter being corrected (scal ed).

Fig. 5i is a |ogrgakgfit oa/vg A Wirlg! {hUSlTefaﬂBﬂlslﬂﬁb BetSR&EP REuAX ST LiAdoYrected
enbodi mrent of the nethod Tp scal i ng em)dynamc measur enents (using BM

and V\C) acc&“ﬁl‘i“ﬁ@cfiBStP‘r‘Fepre$5HK?é°ﬁFttl"‘%F?mpﬂfiﬁF‘% 3fs a graphical representation

of a first enbodigesj @f agraa,ﬂnmmf@hayse%%na# r‘zer&ﬁné&ﬁaltbﬁ@nelﬁlmo‘ﬁ%swrcessure
measurenents according t he net hodol ogy of "Fig. . Fig. 7 is'logical

f1 ow di d@r amayaforpshefore owﬁh@'@&@ﬁ?ﬁ&? @Cﬁéd)hod for I aterally positioning
th | t f t 7a-7b
e appl anation ﬁ?pﬁr@a{ 39 nc? fidw &agrémqg&?ﬁﬁg'%s(g&@gs&? FIQWHOQ%%F 6fg1ﬁ? or a-

are graphs illustratin se pressure osition

Elie firstmaihdd @é@mﬁuﬂglmmdmanp@measummegt&e@gsg dIML sl N«é(i)h@dordhgﬁbghe 7,

i ncl udi ng tng, r(n%Latl ve 20 location of the PP nmaxinma therein. Fig. 7c is a
graph of PP versus l|lateral position illustrating a spurious artifact
(pressure peak) Kge o grmﬂucahepﬁesdntae'omufbj st enthodinmapt obasanemaphtusefllifgr 7d i s

o1 car i SRt PTG Rk S e bR BcShEPER) enboa mont | of
t he appar at us f ofig. mna%gmahg‘]dverdm@;anammraagmtefeﬁ]pIMﬁ niethotd hier hdt@raidy vessel
Ui ew of " an  BRURBIGS GRATAKY Sprifutilds Aerorageiots Fe Besentl ) useful
wi th the appar atpgs. g-7kkg. grébhs illustrating pulse pressure (PP) versus lateral position for e
first and second lateral position sweeps of the method of Fig. 7, including the relative
20  location of the PP maxima therein.
Fig. 7c is a graph of PP versus lateral position illustrating a spurious artifact
(pressure peak) due to motion of the subject during measurement.
Fig. 7d is a graph of PP versus lateral position illustrating a PP profile having no
clear maximum.
25 Fig. 8 is a block diagram of one exemplary embodiment of the apparatus for
measuring hemodynamic parameters within the blood vessel of a living subject according
to the invention.
Fig. 8a is a side plan view of an exemplary unitary transducer/storage device assembly
useful with the apparatus of Fig. 8.
30 Fig. 9 is a logical flow diagram illustrating one exemplary embodiment of the

method of providing treatment to a subject using the aforementioned methods.

Detailed Description of the Invention

Reference is now made to the drawings wherein like numerals refer to like parts



30 Fig. 9is alogical flowdiagramillustrating one exenplary enbodi nent

of the nethod of providing treatnent to a subject using the aforenentioned
nmet hods. Wetoaiobs8ds Descri pti on of the Invention Reference PSTrusos/omse to the
drawi ngs wherein like nunerals refer to like parts -9 WO 03/065878

PCT/ US03/ 03#8Bighatr oughout . It is noted that while the invention is

descri bed herei e RY hoa ot il B Fvehlondis dEetitad aRsh BRRRARLHS AR or
assessnent of henodynami c paraneters of the circulatory system via The
radi al art emgthpd ard appenatus fQr assessmehiurfdiameditsjamit pargniaters phvtbe tiraiatorpyystdmso he
readily 5 e e n r t r od
vessel s andwgg%?%(')aﬁs g&a@h %ﬁ@rf'g% ll,b%ﬁ{/&g)% i ﬁ’g&ttﬁéﬁ?% ?‘?ngee er?g}sl)g

par anet ef s embaiidiler adwptarhth hmd@dudpwnmczrs #ldther blooth veasdapamilb@mnmndhe
alternate epbodi nents ar read nted by 1hose [ Kill
in the rel evﬁrgn%n rr%ty’sas ‘gﬁlgasa?ngn'con |th erg{@ gter Otﬁ a”ﬁq’tl%o fﬁpc?ﬁ'gydéfl?t he
cl ai n8 appesdeddapueioet and didrnAs dmslﬁ)dm’(mtselrﬂreadilhemt;ﬂe’nmn (eldeiynrblysa aifofdinary
paraneter” i.s nt to inclu ara at ed e circulatory
Cystom of ¢ M SUBF b and 6 e e Pere o ST PebEirpee phbgehinm sphtsfly o
systolic, phdreie, or nean pr essur e) The term" phy5| ol ogi c paraneter” i s
meant t i ncl ude neasure S Q. qu ities asspciated wt h t he phyS| oI ogy
subj ect, i nel udi‘?ﬁb”sﬁgiere@x i thﬁ‘g @G’Bﬁ“é‘?cﬁamé“%l rpeanklo; IgHpde RIERFER

i ndex (BM ) asswidt&d wih Wk RRRCSsteMNfltie subje6i, ﬁ&um.@rfgﬂ@@mpwprmw @. gt
content, but may al so include one or nore "henpdynanm c" paraneters

previ ousl y alé%ti)'ffeayswélﬁewse(%ﬂaean PEFSBE- Eﬁléégrm‘@hywegly parpele IpMEMtYO it is

noted that {RRd¢ GleABirent QRO aAies assbORRIBNIRI the pﬁf@oloéﬁﬂﬁw flcYudingd®r Used
herein are intended to broadly refer to non-invasive surface nmeasurenent of

one or nor eamPlnBEYHRIPALE Vrighasiedh SodUBASSAdPr @D erist siseumfarsnasy aleaici ng a
sensor R 20 GAFIRRLCEL by it Tcghtérnebﬁ Yndyagiso m‘clutdg%né ok f?nor@'“ﬁ Rafrgnt act

with the skin need not be  direct (e.g., such as through coupling medi um
or ot her i npasameiersprevipelydefineg hergianb-gnbloed prgsrgre; alop! anat i on" as used herein

refer to the COF@&&?% S?y, it 1§ égtlzd'a{] hhattfe {egn@“tétjio%e?n of <Ot ”Béc? ‘St&l)o%e)tergf |

ti ssue, blood vesse structures such as tendon or
t he subj ect assusww::lolacegryten®drm Ibmatily refamtoapphlamaw eurfats mesplemeef @rose bo 25

one or mor emBFer 'hgggqy%am(feggral%gterlsnglc},\mas pressur %Lanaﬁ') &?‘%]@IEOF%HSSOYVA?I{ hOSgh

(either incCreasin reasin I'n&t i’0

gener al g usceﬂnmmcdnbe withothe ewtfacefof lthiensar, a(tbmlghtmnﬁactv\elltlometsy)n 1208 inbt B&

variations, the term" Qﬁfgug ation’. as use y concei vably take on
r

any vari et y35F GiEnebh s %%)I”Bmgﬁ'&e%“? ﬂoﬂFerlri'i’etlﬁﬁr}?CS)fl on (i) a continuous
non-|inear (e.g.ThelO@arfapplany” dndCtapfsiafign’Ods thed heRRi ke 6O Mel@mpllsioVer
time, (relative to a state of non-compression) of tissue, blood vessel(s), and other structures such
as tendon or muscle of the subject’s physiology. Similarly, an applanation “sweep” refers to
25 one or more periods of time during which the applanation level is varied (either
increasingly, decreasingly, or any combination thereof). Although generally used in the
context of linear (constant velocity) position variations, the term “applanation™ as used
herein may conceivably take on any variety of other forms, including without limitation (i)
a continuous non-linear (e.g., logarithmic) increasing or decreasing compression over time;
30  (ii) a non-continuous or piece-wise continuous linear or non-linear compression; (iii)
alternating compression and relaxation; (iv) sinusoidal or triangular waves functions; (v)
random motion (such as a "random walk"; or (vi) a deterministic profile. AH such forms

are considered to be encompassed by the term.

Lastly, the terms “processor” and “digital processor” are meant to include any
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30 (ii) a non-continuous or piece-w se continuous |inear or non-Ilinear
conpression; (iii) alternating conpression and relaxation; (iv) sinusoidal
or triangwbas/oemves functions; (v) random notion (such a®Ca/usoaodem wal k" ;
or (vi) a determnistic profile. Al such forns are considered to be
enconpassedintggratedesireutramothegeckrpnic démdcet(erariectipn ofdswises) capalpielof mifgintiag an
processor %e?ati%??@ﬁ‘%t 15 (%?Q%SH &ioﬁﬁ%lddi]n%, Wo@?ﬂ@%@@ @% 1H§|Qx§{1 9135 ?c%re
integrated circuit or other electronic-device (or cof1'éctiion of devi ces)
capabl e of (IBE€ppwtasgrasuch epthoset mamifaral by ARBL Lignted ioh€ambradge,0Kj GSCUdi ng,

wi thout Iimtation, reduced instructi t re. (RLSC) pro rs, such as
those manuf &c i rr%cgssgrf’ "&Eﬁ PrYed uﬁs @nufs))? f‘réa;%ﬁg'?%ﬁ%naélpgyéesg% @S%%?’oiléessor S,
central $robedsiragf suehtdsvi¢Shhis) be aredrattidgintoad sisglegnatstrye Gegssivos "GioSPsy . The

5 hardware qQf .such devices nay be, integrated onto.a single bstrate (e.g.,
i eomen & BhyBHE ARG S Pl SRS B g e SR Par SR i i o o

various f unglot@samagsp@dianedied sblely apsoaioarss firmWate Bsodiagl wifeht pdcsrel y as
software or firmwvare associated with the processor. Overview 10 In one
fundanment al aspect, the present invention conprises a nethod of accurately
measuri ng opgeRkwnore henodynam c paraneters using optimal applanation and
scaling of raw or unseal ed neasurenents. In general terns, such

appl anat? on ni tigonedendpmeidgl@spachdhe prassat IBYHIEPN eQmRSses # MeHed Of agsumely

non- i nvasi VeeAstrifl ond @ MNBhEHSyn SRR PaFRRRA ush RPANALEDIARtiondRB ki bp the
conpl ex system of bl ood vessels, tissue, nuscle, and skin at the |ocation

of 15 measufaneminsefied: measwemsels-niaracecrplalerie sich. applgpation anifipaics tansiir 1dss be
descri bed i Thd95F@ teRlors iﬁtgéoglF%dO%eh&Wmvﬁsm (Q.%g%%hefrﬂy%£§u%én§teg}ﬁﬁ L}é% a; or

accurately neasuring t pressure Using a tononetric or surface
pressure seappbied th thp oyeplexsystent dleblocidicadelsarissae, ynustle qanld siirat thedbergion bhe
measur eds pr i i ntially from t
norunl 19 e Rati B ANNAGIEIL palntic? ¥ PO STy Besloc MR
speci al | y cdetdil eloedth2 reapyplievvatiorois Ysclohfir esgirgely nagapamatths biosd gresairosed,
wherei n an aglpl anat 1in%’rr‘i %Irelr;r;%\cte irsssur%lt inlsi)rz(%cs:i L9 &2 resii frrt bi af hhe tissue
and accor di ngiy® "TRE DL 00d" VESLET  Cont'arnedPTHer sl M'C 9AT Lpp AANT O
appar at us abkiagtlegeasty prassule wastemgloedtifyeastiigsubstamiycem thmyactyelly used

al one as descri.bed in detail .herein, agr. in conjunction with literally any
Cype of ot hEMerElih (1o M dAB G O SEBag e o o e et

i ncl udi ng f e¥plLx@IO(@mMpRSsidD adiaB8SisdaisdodefedherBinCar PEHIEAAHEN Wiemenpad ent
application Serial Nos. 09(421 ,982 entitled "Method and Apparatus for the
Noni nvasi veUNEE® LS TATHTCSE Pr yiienTiand pecorting!e the blpoghyeserl AntBnesoievids sel

Location” firhigthpMakidn 28parf09 ddvadirdediSyBlith Q&LCIRRY iptdsqfle WiRIDQY mANLe

Appar atus for Assessi ng_'ﬁermdyn_am c Paraneters within the Grcul atory
System of ausefjalanags desejikegtin dgted derein, ot imeanprctiop, wisipbiterallygoh bk ofieibeh ar e

assi gned 1t 0,5 ARNASRILHALRor hemodynamic parameter measurement, including for example the

25  devices described in co-pending U.S. patent application Serial Nos. 09/815,982 entitled

“Method and Apparatus for the Noninvasive Assessment of Hemodynamic Parameters

Including Blood Vessel Location” filed March 22, 2001, and 09/815,080 entitled “Method

and Apparatus for Assessing Hemodynamic Parameters within the Circulatory System of a

Living Subject” also filed March 22, 2001, both of which are assigned to the assignee

30  hereof and incorporated herein by reference in their entirety.
In one aspect, the aforementioned 09/815,080 application describes a method
generally comprising the steps of: measuring a first parameter from the blood vessel of a

subject; measuring a second parameter from the blood vessel; deriving a calibration

function based on the second parameter; and correcting the first parameter using the
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30 hereof and incorporated herein by reference in their entirety. In one
aspect, the aforenenti oned 09/ 815,080 application describes a nethod
gener al | ywomn1063838 ng t he steps of. measuring a first paramerarso$/oaset he

bl ood vessel of a subject; nmeasuring a second paraneter fromthe bl ood
vessel ; der dstived ealibatiobr fahétvn. Onoactdlibmtddastdd smordnamecandispatoaig@eer ; and

correcti ng the fir par. usin he -11 \\O 03/ 5878 CI/ USOS/ 3486
ortved cal PEPRPTGR o RREETONS! eitiesd S mEpip et A ied &2 Diirels bt by ive

noni tored  GaRsdyRAIGId SPrypdry @EEﬂtﬂ@HtC&i lay ; ex&hﬁlBQ/ESmb(fdlmh&,t theafi ﬁt’f@bﬁl‘neﬁl‘ e used
to indicate chapnges in the ?Ié %’FJ opert$/ i.nt erest

exenpl ary efRHBYISHERP S FeVEYe °§‘f‘ PaEYRY |°§5‘§r‘%ﬁ5[§|i‘eet§?hﬂ%‘”\}6ﬁ\?€? orm

and t he secenggpa B6&E RIthif QRPBIEE SeskeDtMgahedshioWeki dTahé GreSsufN@b@YorR{ bl ood
wi thin the bl ood vessel Duri nﬁ measur enent of the pressure waveform the

bl ood vessefheitloodysrsshistieplapaighisprrssay) ©Fs4e ndycs Higness ie Mhaodymmine
hempbdynam C proBE@RaKkHif theWidol ivBsstin@d RirQPHory 853&h; tRORnGd AR bRIYr R¥RIeM the
ki netic energy and/or velocity during such a pI anation is then rreasured
and used to VYH@WP?*T%PPBH@‘O&*SW@?@%?Pfeidia&‘i‘:t‘-?d(%@éﬁ'fé@"e Prapore grifastsdsugh ah unp”

in the kinejcxgRE 4yh@h ’Vﬁlltﬁ@kwt.ooéretgyl&)veldwgrorﬁfe@t 'AO.EbrFeen&Huﬂaldnj 10

t hen generated based on ?hese artifacts, and applied to the neasure

pr essur d0wathen generatesl bagehen these astifaess. aad aeplied o thaimdesusedpressareafayeform to

r epr esent at I e
ol ar'y. cEBoa e E bl RN b SR of MeaBRal FES e nabh 2
pressure wablebéressély bmng estroplary\easodiment, thehalibutipremethodearsprises gleasusegzond

par amet er d, t tif | east
one arti facplre\(/)ﬂr%s%ﬂﬁwt%ﬁée%ﬁonﬁrgglur%eﬁ%%gg%ﬁé%e lt)hr%%ﬁ'kjggtg&%asu”ﬁ %g Sg%%gﬁgragg?eénet er;
deriving a ﬁaﬂnitberamedvtmﬂunssehabhaaba)sadldantlﬁyhne at mgnﬂadfase&iﬂﬂdtm@mm er and
at | eaStl ON G aPieS) eEas 48 CIS%E)r? arame er CFCI‘] a ca?n%ra? 1. fun A%d 10 atggl yl ng
the cal ibrat PoRTUAE |on a easPUence 16 T e dpredSurd vvzg\)%'? #3% °8 Yenerate

a cal i br at echeasapriesesidaparanctaf aror sisast eantdjueny tab@cibted odiitly @rsal lpasande

conti nuously ponitqQr.in sec ar.anet er identif ariations in
bl ood pr eas i EhepilipE s BgePriawohal g 10 aieesvhiedeie e
pressure) i scilibiaedvapreftation dfgfréssird Withintthe BIPSd VisZektah® Bordin@oBBI REHiloMed Y
utilized within the al gorithm enbodying the nethodol ogy of the present

i nvention t HieAE0BAramGET 1o et Vraf‘aaLH“BW blegdneessire Rithyimes he sjgnal is tine

vari ant ypover t hein&hme tsighr hrider ﬁlfeasﬁa%eﬁlafe(@ PPes6E) B tindY 4riahf8ietBBQGRg Peri od
of the respiratory cycle, . and entially over the even longer or shorter

peri od of hepiseigHRRiae wiveHydy ukbzed|withiy theslgarighm abgdxing e wepihadaloanef at i ons
and vol ume gRPGES inAREH B Redukt f&rhﬁas%&(ﬁ@hthgecmﬁwthpegnmsrﬁh@vaﬁanl' zes

t he af orenenti oned appl anati on nmechanismto conti nual mal nt ai n
the opti mal oyesyhe shoft parsl efnibe cerdiac cyrls. etygr thalareei pering oﬁﬁleenspnraronnmte

conduci ve  fof s AGEHARAbGr tRONch MHSor ABerRAod BY AShIfnRA. AMElkd Fesulting

measur enent .
25 from varying drug concentrations and volume changes. Accordingly, the algorithm

described herein utilizes the aforementioned applanation mechanism to continually find and
maintain the optimal level of applanation, thereby maintaining an environment conducive

for accurate, continuous, and non-invasive parametric measurement.
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WO 03/ 065878 PCT/US03/03486 It will further be noted that the optimal bias
techni que of the present invention can be used in conjunction with |ateral
(transverwo)o3/op8oxi mal , or other positioning techni ques t@®CThshpodsecate t he
pressure transducer(s) over the blood vessel of interest. To this end, any
nunber of differlemill ﬁmﬁbértliaamitedghapmqabM$iamhrbeuee®fph®ye@bneinvheronahmne or
in 5 conbinatiaon.(wh ti For, exa asi ti oni ng
based on an eflﬂlsgcll g C(S’fuun%etf?n Wnﬁ’ggtgﬁlrgpan?vﬁﬁa PS ma?ﬁl nder % rpos'qon F’P RS nsor
di sposed gehep adchty th)a/elresshlfeetrdmkmmek(s)\ws:smb bd@és&essebetdm&tﬂssemuﬂﬁi ki, gy ei n)
may be utilized. ternativel rimari I cous ter p05| tioning
and wal | defWRis o# gﬁ%f%‘éc‘??ég%ﬁlggc?qu heisnnla feH}Pﬁg%S‘?ufi‘ %88 héhdi ng
applicats ons()mimyaulae (wiseélcontiativiel. Borekdinfle,ahd afembbsheomrrmuai onl zﬁﬁ@&lwn and
10 positioning of the Ian rs and transduc e Qv sel ect ed bl ood
vesaer rmy 18 PrEME Al CHIBARGE: CRTG G e ee b A Pt

Ref erring nowsdl eiebdribed subsépientd HeldigtimBroeadlizgnAtethatives, m@phﬁhamtyla@dsusm
apparatus of the 15 inventi ?n is described in detail. The abilit

accurat el y |#e (rositiopiae gnd swlly detectiop @pRicaghenidesrrife o iy fefegegxgnﬁonaérf@nds

| ar gely upopeddit@ ARpribaihe dhayCpafus@lr &4 iyen aRdthdrNBteARRlANALA AN IBREHARRS M
Under the typical prior art approaches previously di scussed, the pressure

transdué@r E%#tﬁ’l"lr@e%f Ehﬁeappﬁb‘ﬁPrérﬁd‘fil EAnSEHsE AMSr st slterfed fhlgodt esserarayabe sm and
transducer %ﬁo {dgxed as a single unit. 20 Hence, the pressure transducer
experiences the full force applied to deformthe tissue, structures, and
bl ood vessel. This approach negl ects the conponent of the applantion force
required t odedamiiesdpranitys fonerspoe ddarirenane, etc. as it relates to the
pressure neasured tononetrical II fromthe blood vessel. Converse under
no conpression, Referinapen tabies-dfda, ¢ fiest gmbedmeet Qﬁ/itherﬁpnlatlﬁ@nbpm@w@)s{tbe is

attenuated memﬁ‘&% (fm,e& clit er posed tissue such 25 that the pressure
measur ed t ononet i cal y |s ess than that actually existing in the vessel

(so-cal l ed "trariBfeeabilityste” Jecurhialyc omasuessthe prasumppaccdted with 4 lbtpopr\eessht
i nvention ef SS sposed within an a nation
ntb?g(iselg Iggl Ei‘JpBII; ﬁ'\ Méc%an}lgaqgﬁrﬂty%%tmn %f a&qgnatlon AnGised ggp(fl

el enent ral esl |gura ion ed to
mtigate t heaeejfp‘i@d:prsor@ft a&pmhchm pmstbm’ly Hts&ssadntha psissund eansdepedaingbises, thand
reliable wa nor ed ensat ed
for as part e Pesfer st A mPublih idprith S flen s g iR ot a1
bel ow, tbhe HhﬁﬁetheSﬂr&SureMa&Q‘c&lU&n&xpeMdes thel felt tfbee a@faheﬂ&b&fdf@hlsthéqrssﬁehe

appl anati on el enent n be i rtant in determning the nt of transfer
s o per | SREBEES AT oL PP PR S KBHOm P oF 1 SPTIgion st

factors | ar gghiyeddioCéonipResk gis ligk@bscanstid) chetawae &latmtomxlmre%@%r@d essure
and the rmatrg)n(-)r%c::%trlcally from the blood vessel. Conversely, under no compression, the magnitude of
the pressure within the blood vessel is attenuated or masked by the interposed tissue such
25  that the pressure measured tonometrically is less than that actually existing in the vessel
(so-called “transfer loss™).

In contrast, the apparatus of the present invention embodies the pressure transducer
disposed within an applanation element, the latter having a specially designed configuration
adapted to mitigate the effects of such transfer loss in a simple, repeatable, and reliable way

30  such that it can be either (i) ignored or (ii) compensated for as part of the tonometric
measurement. As discussed in greater detail below, the shape, size, placement, and
selection of materials for the applanation element can be important in determiﬁing the

amount of transfer loss experienced under a given set of conditions. Specifically, these

factors largely dictate the relationship between the maximum pulse pressure and the mean
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WO 03/ 065878 PCT/ US03/ 03486 pressure, and hence ultimately the error
associated with a given tononetric pressure reading. As shown in the
exenpl ar ywerbodisnent of Fig. 4, the applanation el enent 4@2TiGso3/umed to
conpress the tissue generally surrounding the bl ood vessel 404 of interest,
and to 5 appbsyref ondeenes thimalslyotd eregsabooitd with agiveo tbegnatrit praoses cone
the wal l orfgggg stress thereof. The appl anation el enent (or appl anator)
402 is coup[ed ‘0 a drive nmotor 406 which provides the conpressive

appl anat i ng f or cés ¢d8niin theexemplary émbddirenpat Fent, the apganavion slethamdi0aris br ace
410 (or an external surface). The appl anator, 402 of t il Lustrate

erbodi ment PdteErEr sl egrerud Bl aRE we led kostel b af Wit b o
sugst ant :2I al hpplyl @regytol tﬂd bil;ﬁmveﬂémvat;sd) Qﬂt&iﬂ%ir( &ﬁ@/eﬁﬁ@e tﬁ?v,all@m.oap @t@e{ai agt
pad 441 di spose t atto surface the . The hody 414 is e
Prom a pol y HEROre 15¢ SPIBIEhFRBE b 2porats d0bts CHaTra: GHegoor AdE di ty,
and | ow COSbvhicmﬁrm&&hh@b&ﬁbreme?p&h&iﬁﬁﬁﬁbrd@%(ﬁ}hﬂsﬁﬁbﬁoﬁ toStHO phtdt val &y
cylindrical aperture 415 is fornme centéglly in the contact

ad 441 to
recei ve th¥"B5H ﬁ?@?@tﬁ”bﬁ“&TZ@“%E@dW ﬁ@1y?eﬁm%ﬂmWﬁéoadﬁﬂﬁﬁﬂh§Hﬁf%ce 440
of the appl angddnheRafciddes %éen'eﬁll?ﬁ@cﬁ&%dla@-ﬁﬁ;bl_ﬁ\ﬁﬁortﬂ’b@y5ﬁ|4nwi‘m aldiBstRRbilent, a
gener al | rect angul ar cont act areaém&'footprlnt") wth a central aperture

resul t s10A pylwdden @raisctps dlie dice 492 4ayi g aserntastipad 4hk dispesgd @ dhe pofonb| ood

vessel 404 anflce thefBE RE bWy i 4is MbIARGHI L Solirr & o I NEyARRhADALPEDREY 414,
is used to obtain tononetri'c pressure readings ron1t%e surf’ace of the

skin (tissuspndicsiing nigiditre apfl oy eesssalthougheotizy matkiihy rey bhechagsni v face
420 of the EL&%M?% lirfb%%al'a?enrglﬁ%ﬂ% fs%nnédtc%ntlilﬁfﬁsi B &h acts&daﬁ] tu?reca(/é)\” de

the desired degree of coupl et ween the transducer face and tissue when
the appl antiedodylpRjdctorchlipAesadidglynvient the canidst ewtace 444 skthe applanatir Iphd be
recogni zed, ,ho Fonnl el sducer. . 42 rJdh. s i.ng. 4 be
made adfﬁst é{l‘l \é\ﬁﬁfessﬁgv%%&g \E/I# t Isﬂll%"ﬁladt?htgg p%%een?’t érgenﬁrlfgy Srg&%éﬁ[a{)%f) gt(%:%l igrr?%/lt e
opti mal pos(‘feaprinty withceentdil Apestueentsudiper at i ng conditions 25 and/or to
accommodat e di fferent subject physi.ol ogjes. shown,in . Fig. 4 t hin

pol ymer | ayer 423 W€4EY grghsgﬁ%ﬁrﬁ%’ %‘@Pé)ls'g{ ﬁuzjsﬂalﬁgallﬁfovf’rhg’eq’[l?ogn‘éeaff(l,é& F%‘ie 420
so as to (i jeceioapiizhihhe aperamnsdiief tht aggammireboppdi4,iivased tb oblalhetohdsgte; and
(ii) level the surface contacti t tjssue formed by the transducer face,
the body. pPaTuE FERMGHE TR ot 6k dIRORETHaE fierboabugrns odht y. - a

|l ayer oppa plizilifene RBve @IPHULS ST Mleratiduc&one ihHaaadtHeO P AsRthe (A 7G0.as % | | cone
rubber) is fornmed over the transducer face 420 within the housing 417 as
shown, = al t hBRYHe Sindssirsrhtearseapisconplingpletyiesadhe fransdueegifacegind ttissyer wheduper i or

physi cal pr nﬁio?&OZaﬁ@orﬁg@%Hl BAth tIRY BB BisShINA i1 GO YRL LML A vk Nhat t 1 SSUE
to the transducer face 420, the silicone |ayer 423 also allows for sone
degree of iPartraasdueer 473 arhie's dioytinghée’ By wsehadenadiystahleserumeyablegwihiaribie t he

top surface, 0l 13t 8CasMBUREINGte optimal positioning under different operating conditions
25  and/or to accommodate different subject physiologies.

As shown in Fig. 4, a thin polymer layer 423 is also applied over the top of the

transducer face 420 so as to (i) couple the transducer face more positively to the tissue; and

(ii) level the surface contacting the tissue formed by the transducer face, the body

projection 412, and the transducer housing 417. Specifically, a layer of a pliable,

30  compressible silicone based compound (e.g., silicone rubber) is formed over the transducer

face 420 within the housing 417 as shown, although other materials may be used. In

addition to its superior physical properties and excellent pressure signal coupling from the

tissue to the transducer face 420, the silicone layer 423 also allows for some degree of

variation in the distance between the transducer face and the top surface 419 of the housing
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-14 WO 03/065878 PCT/ US03/03486 417 during manufacture, since the silicone
is "filled" to the appropriate depth to provide a |evel and effectively
conti nuouwotoomﬁmface The notor 406 of the appl anator ape®msoy0i48¢ in the
present enbodi nent, idly coupled to the wist brace assenbly 410 so as
to provide é17s<m5@ng FtPSﬁ ﬁlneﬁathf: sifieons|iat s o @ea@apmaﬁe depthct provdenmt or

may exert I’E@gtah@@ffécgt,a§c(\mwnh&5q(§p§umtI ng the subject's tissue. This
'rigid" configuration 15 utilized so as to avoid any significant conpliance

of the asserrbl yThesmethe4¢fpobihe 4pplarptarasssmbhieisc bntha dresp ¢mbadiment, cigidy essi on
of the ti SSLf f%h 9 qlh e WisP ﬁr%ke stérhﬁl?hﬂpw %quoqqq %;50?[ r{tfaEf% g‘lv&rYan'l fs atform

advant ageous from t he st andpol nt at help essure ransducer
422 to recosginshehichxharmotor alayecxeft rpatigefqpreesile @pqamatmgtﬂhersulilﬂ:tseisawt ed

parameter); reatan [ ees of I h n| smt nd to educe
the magni ttTJ% #% C%%g 'onrlésug'ﬂ%gea 0 ser?ové\g)é ﬁye 'LgB Camtcé)ﬁntpl CF;P ki ng
the identi fassahbly)ras dfe mdstbne4qmdlmes rjreessuact@apelak mimmeprdssfd‘nl afuhd tisshd/blabd |  be

recogni zed, veyer at .al t.er.nate.confi atio sone

oo o of il T ahpldtann i At o s igS Hoom e e Bigt T heiRToe |
one al t er naslpw the prstediramdicer @Zﬂogéodrmuﬁiakmmmf/alﬁé’l@f @uplpadgaﬁ@(oraﬂﬁenbl y
to the i st brgce 410 js used; howe a somevx/nat erX| b@gfﬁag a tor

body 4140 wi 19FCiEd ARFSE™) TR Seerst ¢ “@8"’{ n dhfoRAghap iy e “to t he

curvature ofagi@ds bbjhe pkakSpreksust ob@yed) ehetbly Ipo#athallyl Makinh e ldeaﬁhéaﬂﬂn of he
coupling remains rigid, but the apF)I anator body conplies in alimted
fashion to thf’lﬁéls%%fsé'if’tpe%k Wereskfficylkvat ure, thereby allowing for a

substantial ly ung mumlr@c\sgﬂnz&f h@@areaqﬁat%era%%ﬁﬁ@rgroqaqw.n%09r15459Ebrf?é the
wrist. The degree of conpliance of the body 4 is controlled by its

flexural stfsgHGtH;compliance fmay beaiitiredgn spipe aeplisaticed o 6xamrle.dpeng altargatelef or m

the bodysi n&ﬁﬁf@lﬁﬁ&taasr@dfdéﬁﬁlmg%tf?é a;spﬁa%a@pmgkmﬁ@qs tperwnae&gdenﬁ 0-is LAy eby
effectively imting Tts total conpliance, causi ng the contact pad 441
i

mat ed t her ehavaver, promendat fleibly applenaprdody a*ﬂﬂe\wﬂaacc@me meu@gﬂuefeceofnot
def or mat i ong q%%ﬁa}%t & Q@Jt% ttﬂ%r&ﬁdn}fg?vglﬁf‘ ‘Ij:}e)ét o{ AR Rﬁg%e ﬁ@ J‘gﬁ% or ent

ordi nary ski 56 Used as ously,
wri st br acefastoor, ﬁ@mamllrtgrrsmmsyrlglek tustdd aprd@mmrdeynonmht:&hln[arlmsedfashmnant| on.
For exanpl e sE'b?e l‘t)r ace dis

osged | sigpee’ s e E t

appl i cat i on S PET NG Yy %_qu'g’, glgrfl%?le\ﬁ' 1y SluPlsg%nr“aﬁ a'?'hm% nEFLPt P%,ttac{‘
ref erenge nayosher tmeder fortier of drf wostr ahé (alngemy cah1$bariae oefubestbbcﬁ)umecd isMth
equal success 60 su conf i ti.on ei readl (Las.hi oned 5) t hose of
o nary. SKITT Shes REURLATEET: & fie oL 175 bisdrh PrERFBI 450 wei st
brace confi gubady |ﬁﬂe@b§@a A A&Tos ©0 rteamqmamdaeﬁ “bdneingt, itheradly eFfo@iveryamanig
i nvention, specificall Y t ha CE t he af orenenti oned ap%)l apation

its total compliance, and causing the contact pad 441 mated thereto to preferentially

compress after a certain degree of deformation occurs. Other alternatives readily fashioned

25 by those of ordinary skill may be used as well.

Advantageously, any number of different wrist brace configurations may be uccd
consistent with present invention. For example, the brace disclosed in Assignee’s co-
pending U.S. patent application Serial No. 09/815,982 previously incorporated herein by
reference may be used. Other configurations may also be substituted with equal success,

30 such configurations being readily fashioned by those of ordinary skill in the mechanical
arts.

This foregoing flexibility in wrist brace configuration also underscores another

benefit of the present invention, specifically that the aforementioned applanation

mechanism (and associated technique described in detail below) is somewhat less sensitive
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mechani sm (and associ ated techni que described in detail below is sonewhat
| ess sensitive -15 WD 03/065878 PCT/ US03/03486 to variations in attitude
of the apwba)nmssns and pressure transducer relative to theprsurfsapesssé the
subject's skin than prior art techniques and apparatus. This conparative

i nsensi tivi tOy"a“ﬁ@?”ét"eSmNde pé?’ﬂp apiplenat@ anh erepsuee trangdicepieldixe toethe surfasepf ed

through t hethE'sﬁ@ 91 {l)lLlngg §€llml%l}@%fah(% a%pﬁta\tlﬁ lsrclo% ﬁ@edmge%ﬁgglh}gf arc

with respect to t e onglt a axi 5 Ves suc
angul ar m selatggrimpatt dgé taethe fachtjlabpressurepis @gmjtrdethtqualmshtucsetre anddqlco:wnccesev\m ch

depart froma, oggrté)'%almq)g? {n%e lg?%r(ﬁ&flitﬁ' rgsggc!‘frtg%eloggltl}dm%l RO t Of bigod

neasurenment) has | ess er nor sl nce 19 &% appl ana |on
el ement %02vaseaitsach thavangnlaochisaligmenf (iki, ssgles ofaqrezssmd tmﬂrsdud:ﬁ omdiem&s\shabh and
conpr esses/&il starts it Lo ul ar

e TonC ot St sd a katb nR AT W ER AR s R OER QUM b el RGeS (o the
10 skin suréffee Batheleort,cinee eedtst aﬂiﬁ&nmom‘ehm’rentp@d cbhtdctoh btohearappftmaéi on

el ement 402 i r i,n th resent reSS|bIe | i abl e
Foam 11 ke cBPYI 016 BRBE hiieT M o TR Y RRYE TP PR e R SBF b as
PoronTM al mksaligiment ble’btaﬂaﬁ eff thahpplanatidh Gémenk asntapt alrfdce 860 WRIY rdecti®@Be 1 N
conj uncﬁ on with_ or pl ace of the Poron disclosed herein. Poron has,

among o erSkirss‘kaaB%‘&“tbFé@eratﬁ ‘desirabl e durometer characteristic which is

wel | adapted to m&ecdma@sgau 44ﬁl@P'th&ﬁﬁﬂlQﬁtnonTG%nﬁﬁ)ﬂ'm@Cﬁs Raded L theS prasle
approximately 0.25 in t hi ck, althouq ot her thicknesses may be

mm
used. The A@%‘P‘{j#‘fé‘é’“Wéraé@fnpfﬁiﬁblﬁol?'@éled@?mﬂ@fe\Falﬂll yuwethane) materigl gnagketgdaby t he

Poron mat er RaberPiRVdralRR a@ﬁ@x%h*l\e BithddBY SihERhatlli PG th %ﬁﬁlaNJahnés%g%tus&P the
conpression of the subject’s tissue and bl ood vessel, t hereby very

ef f ecti vel yinnsamiugatiomyith |9e i plaest of brderanodieddosed Aersiner Pares bas aa@sgaethat ed
wth these ﬁfgﬁéiﬁ%sufeaesnéﬂgl&ukmr'Mwarauaﬁst%)% ﬁt.s waf aé’;H'edO r9£e‘ﬁ§e“t

enbodi ment made replaceabl e by the user/su jec SO a
mai nt enanceappiicationyficeontactped 4é&l smasie apprpximatsing.2 oimaemid, mﬁa)thuécx@mpu@ t he

pad 441 ma‘yotngr thrcﬁlpés?eg %Qa% rusg@CﬁF u&s@ngn@el er;'%)f}ﬁ'fa; notg(f 8 ﬂ’%ev%el%s ﬁéld ttrlaﬁs

pressure transducer ass eac eren desi

The use of thal ohe (Postn p@temabmroadi¢arﬂ><aq&ou$hy51¢ahIqupenm wﬁh‘: mesmtt of the

mai nt ai ni ng_t he dev iated.that while
Thecont aceesaeR Gl ditTa il pud sy Voot el R GRBREH BhBRESR boun
subst anzé al hfyreﬁmnﬁdsramttrahstferclbnesassm‘mledmltlﬁ dtese sratc&mtsaIAddrhtmmm)s ithd emtacei t her
of these par ters na arled for s |f| Ilca ions. For exanple
Phe pad 40 1PEARBE tegmeRatatnGe: ingl® RaerepaRe i sl vl PaBHF onch
with 30 themplmeamalof@hpgaan& {oe Svedfstekilg emaron@idst. IFaY eXamphethepa¥ 41 @y 6O as to
provi de certal n properties for the overalfl pad assenbly. In one

enbodi ment , TBIAESHIOF S3FErUSHAERY Y. TeRRgETIAL PG pEﬁS%ur%rr@ﬁéucebﬁSﬁ?@@g4 rfor
constants f Qich Qaifebent QRIct ifHediRB8d ThOURIPUIIER cost BERBEL SR hMBLbuMRMKkddGhe

25 cost of maintaining the device quite low.

It will further be appreciated that while the contact pad 441 described above and
showed in Fig. 4a is made of both substantially constant thickness and uniform material
composition, either of these parameters may be varied for specific applications. For
example, the pad 441 can be constructed using a multi-layer or “sandwich” approach, with

30  the physical properties of the various layers being varied so as to provide certain properties
for the overall pad assembly. In one embodiment, a two-layer pad (Fig. 4b) having
different compression constants for each layer is used to provide a progressively varying
compression of the pad; e.g., one layer of material will preferentially compress first,

followed by the second layer when the incremental compression force of the first layer
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conpression of the pad; e.g., one layer of material wll preferentially
conpress first, followed by the second | ayer when the increnental
conpressiwp oBo6sses of the first |layer -16 WO 03/ 065878 PCTPUSIZNO®IBG6
exceeds that of the second layer. In another enbodi nent, the materi al
properties afceedsalidt ofithe setond Bearenabiohet adbalimetit) e ta@fiaMprofertics apaatied 0 t he
center aperture so”as%hﬁdprOV|de var |qﬁ hrates of co reSS|on as a
function of "rTHETEEY FEHR' H@Ctl%n"{“ﬁ‘crtes‘%f)‘i thEFET ERENES EEO RIS TAYNE t he
bl ood VesSeFate(s"afgom;ﬂ'Ss)smn'aﬂaYlﬂ{cn&n&trbcﬁﬁs ﬁ(ﬂﬁ)ﬂﬁlcﬁﬁta&t p()ﬁlt gﬂth%)tlssdehﬂ/eﬂﬁhg:kness
of the pad is varied as a functiop of s&at i al |t|on SO as to provide

varying rat the bod vessel (Eige dnp IR yeljapether epibe H’EBﬂFtéhé )Fﬂ}eéﬁ'ﬁlff}?éf ofjthe WI‘? be

appr eci ag edvirhatas b RgicGONE1 sPatiaRbbMbnQb ab REproAge fehing FRY JIRissub YHREressin, Needed
to acconplish specific rates of tissue conpression and/or_ provide other

desired per f or nelfreed ait theifergeaiag. itrwidl kesepigriatash dhat ﬁﬁrcpﬁ%&%wn@f thg pagh 441

alternate ggbediRab as he%dé!@tb'acdﬂi\g) c.rbpsé&, o@t.ssfaé doRESioR ahd/br ,srawa@e
mechani cal and materials arts accor ingly is not described further

herein. AddPhpiodesiey, pephimasce w@rlbmduwnéw@f | gapricagiond o Gwgbhr pliesnage
substanti al LypoiA0a is werl%t)@nwlhage Hag; M}smw e R RN hid has @@ﬂtat ot her

aperture having a circul ar cross-section, be recogni ze
shapes ahd/ and @wdmglunamqtdmnh@lyfuty@rbgrem For exarrpl e, as shown in the

embodi ment of Fi Q(?dmcﬂﬁgﬂ fyenifeltfee ﬁ%d"ﬁ?&n of¢ Ft|£564 %ﬁ ﬁée aOPub%arﬁ”ﬁ laﬁo”p“ ses
a 15 circul ar cross- sec i onal [ ncave arc in the
cont act sur feamegud(Pad éﬂlbimth laatnttalﬂe lqza@d amntfucrrhmm'gca diraelat m:;rsemonsmwlilape of
the wist 4l§e recoggnz%gEha c%")ler S ad)es anc}/(%rc% Et\logsFm bcf %%g % e&gragleé(%k%a}?rt%lpgged

el enent pad ha HEeret
on either sndenecefnbadlmht of- Eigenzazlqatf merpalyl 46 Dfahe ppeattioe eletieansthiciesssa 464.

Myri ad her. conbi nati ons r shapes, .Siz foot rin

bl ahar | 17 6 Er SEBRIF BEA 2GR el B0 SSOENC ot e L et pg 458ne

i nvention, alch @aicihe (20 Nddh foaink QO Shd aﬂtéﬁdngsuwhdehbmtﬁehemstcmﬁe Af yéthgnoteni s

appended hereto Tt‘:e not o hs 406 used in the |Ilustrat d enbodi rrent of Fig.
splfarated

4 to drive piffana ). thy ion glsment pad maychessogfigured a et distior of

the type welgdterdNgiB 460 BigRosEDIOAN cidlet Side THH & miMLtMEmek SPray n4‘d3”9ﬁ§re@ﬂl‘?e or
nore position encoders (not shown) which praovide an electrical 25 signal to

t he host sygﬁ'”éﬁﬁ'cﬁ?soé%sdY‘YraarS’dO’éé"sﬁ%'P'%lf‘@ﬂ’“%loé&PPPﬂﬁ?'t 8hapes: ysizss.e EiogEints,

control 7§ hepla@é?ﬁ1'e§ IR cGHfi mﬁo.@sp.{aaﬁsbaage@@or%tseef@mth %r,sr@gnp.m%n%ﬁ Ofif-such, |
Accordi ngly, describ 5 greater detail below, the variable used in

the present cmwpn%ﬁatlmg@wthw @wmofébmlamétamnd@l@@w position is the
nunber of ot or ﬁk%ﬁ@@éb&k%ﬁh@hl&@& dnffodl; n%f* 4tt8dﬂveﬁ)§5§b%n§ﬁ6mg);

this approach advantageously renoves e nee asure
posi tion wi tlhmewdpfita precigon f‘ﬂ@pSUbljm@tOfsthettlyB%well bmovanmttberrylotoRartmeThls t he

relative nu%ﬁ) %ant%@ggssorje%r %@éy&ﬁ%n\éh@od&ﬁgnottg Svl{tl ngéxe;%r}gxﬂg e an eléac?rgca his is

effectively corre L0 pressure neasure i
25  signal to the host system processor and associated algorithm to very precisely control the

position of the applanation element during operation. Accordingly, as described in greater
detail below, the variable used in the present embodiment to represent applanation element
position is the number of motor steps (positive or negative relative to a “zero” point); this
approach advantageously removes the need to measure the absolute position with respect to
30  the subject’s tissue or anatomy. Rather, the relative number of steps is measured via the
position encoder, and this is effectively correlated to pressure measurement obtained from

the pressure transducer(s).
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the pressure transducer(s). -17 WO 03/065878 PCT/ US03/ 03486 A detail ed

di scussion of the electronic and signal processing apparatus used to
support twe ospessat i on of the appl anati on nmechani sm 400 of PEIrgiso3ioi4se
provided with respect to Fig. 7 below 5 Methodology Referring nowto Fig.
5, the general netdeadled dipgussion apttheralettyonicppddarighal mgowssinge apparaas Sused) té he

bl ood vessel and _local .tissue utilj.zing.the previausly desgrjbed apparatus
s descr i bR MepRRYion GEE aRanatidl Gokpuia SOT ST Pisdts MIRMRERERSEShc ept

of the preserigi7mbedni.i on (and 10 hence the net hodol ogy presented below) is
to control the applanation el enent 402 such that the transfer |oss

associ atgd wth the tissue and structures surroundi ng the bl ood vessel is
mtigated difei’RP!ABasurement. In the case of the human radial artery, the
transfer |o0ss i Srefetihgalow gl Fighis! igageacraRinetidablofevelopahal@p pppkmatihg®dr Wher e
the tononetrically neasured pul se ressure. is maximzed. Too little

conpr essi on<OHEFsREheiRA Yeirg! %@tIQﬁ?E?FST%‘E‘IBI%cS'EF Rredeysty deseribgel pPPatEsts ssue
surface (angeshgsraen tdt@nsducer active surface) is inconplete, yielding
tononetric pressure values which are significantly in error. Too nuch

conpr essi on, andt REVIopex discusigd. |ong dyndapenial conpent & yheg prepest invarfionr@nd

cross-segti pié trehabBodfiodyfetRss Bblows is0idi dohGaNthé ¥pplaRdoR SR mantRdiel NY
high levels of error. The optimal condition is to couple the vessel wall

t hrough t hethihe fpedudossiassopiated 8vitidhplisreing Hyctyiss spmuading thedueodoterst wi se
20 affecting Lifig, LAY RATESAL e 4SS5Bhe hirm&l dhdial el MMrahdFed1b @ is 5. the

first step 502 of the nmethod 500 conprises placing the “applanation
mechani sm 4effectively atigasasii atitlesh lanel of applepssion viheretthe tangingteica!lysmedseredi pvles sel .
Such pl ace BY Q6 ! o yal.l, i . i or
subj ect vi sﬁ%&?@ﬁ%ﬁ?%ﬁgqgﬁgh%&gngﬁef aa%g'eﬁqulgé%\éb\%e?ﬁgtﬁgﬁﬁt%?{%r
portionldf whié amlitssye byrfach darRlb hgnee dmnsdete| stive onifaskchdo irsbinpletee tyfeddisg of

posi tioni ng i I frerenc . t oth means. | deally,.the
Dol anat o eBPBMe B! S5 SR Bloiéptehn el oo ERDPRARE! hipd 0F e
t ransver sel yesenlewali heollapgesy itioarebyf distoetingr itlsd | crosiséetiohdl khiapasdiaky vebehent

422 directly _.averlyi t.he radial. artery v»ith,@igtt .e or no inclination
with respec%('g'f'ﬁ @gf/’oa.ng%ﬁ%m@foéjﬁ‘é'ﬂ% L'ggé?e%ﬁé “TPans G Waﬁ??QWﬁVS% PUleral Iy
al i gned (st ep va&4) walhchriprghxhdriitdriyosad tigoeas (Ehg@elyQis PaGIble vitheq WiHepdise | N one
exenpl ary en%gdi nth, é(pe tonopﬁt ri cegl. I ; measur ed pressure signal obtained
from t hé%t r aRSHE BF hamodynap iop 8T e XFALSEA basi s for such | ateral / proxi mal
positioning, in & BRWEH Bk, BE fivd step02 WFekk Method8hHEcBnpPHRY pRiRink TR
appl anation | evel (described in detail below). .
applanation mechanism 400 in the position with respect to the subject’s blood vessel. Such
placement may be accomplished manually, i.e., by the caregiver or subject visually aligning
the transducer and device over the interior portion of the wrist, by the
25  pressure/electronic/acoustic methods of positioning previously referenced, or by yet other
means. Ideally, the applanation element 402 and its contact pad will be comfortably
situated transversely over the interior of the wrist, with the transducer element 422 directly
overlying the radial artery with little or no inclination with respect thereto. The element
402 and transducer 422 may be laterally aligned (step 504) and proximally aligned (step
30 506) if required. In one exemplary embodiment, the tonometrically measured pressure
signal obtained from the transducer 422 may be used as a basis for such lateral/proximal
positioning, in a manner similar to that used for determining optimal applanation level

(described in detail below).

Once the applanation element 402 is suitably located and oriented, the element 402
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Once the applanation element 402 is suitably |located and oriented, the

el emrent 402 -18 WD 03/065878 PCT/ US03/ 03486 is operated per step 508 so as
t o appl amsiDa@36878 | ssue surrounding (and at |east partly Porarshyoygy the

bl ood vessel to a desired level so as to identify an optinmal position where
the effectis apkratedapesfsep J08s® antd gipheonte ghe tissie Fugomidige@ndiat heasthpartly
tononetric sur re 1t Lga opec] f , wn in t

enbodi ment DTG MEgoobkseih 4Rk Sliv RREClI bR b Bl Mip el Ui ng
t he notor A4&%cdrofutrangfet lves eddeothert erdD assbdiged byth pho gmemsiric ahgasurenettedsi ng

the pressure.applied t he tjssue t he .cont got. d 441. During this
sweep, the mﬁigggg'ugge?}\ﬁvg%oﬁsﬁb%‘ﬁ? & ﬁé&mﬁ’f%me?th@cﬁlg'gﬁs%é anggon ?‘geeﬁﬁ%ll yzed
onI an i ][ﬁ er?taﬂ,me{reecg(steppe?}usb@ﬁhe mb®s 486 &?\ﬁn@ﬂqeﬁle%ﬂ cmai therebPpdgtesyivalyie tlhle
val ue of pu) se pressure for t interva Suc cal cul ations are generally
necompl 1 shottcurb e Bircurreehel tafists it SRR ToI 06 W svetd 6 gnal
processi ng aRfafealaisfona 96tainke drofethe \Wakddlber 43 Refhlykal &ri gh infevalM(d.§), paspect
to the rate gf change % appl anati on ucag tr}at t he necfe?%gr,y cal cul ati ons
can be madeP®eBPatHETAIH 2 SIS EHENGPpY AR TiPYlse BRew foetat itervabStet act s
or condi ti ofculiohs ard @ettrdl i adcdnhiBisMeweiah Bachar ot demtibd (Rdnd BERE B3IH
thereby indicating that the desired | evel of applanation has been reached.
For exahpl eSighahPioRessiBRBRRIrAwsesGoepglowsyth respact o, Fige 7hvih &33Pt toghe rate

cal cul at ed §©fhatee SRLIPIARYNI GLP Ut ARAKLBER calcMbINRhn be RRAK ~LRthe AYIh”
anpl i tude val ues of the waveform for each interval are determned as part

of this cal eingtthorpplanationsweere setitaineitiGefs riesanditiopy eviving vibimie wauafem ti es
and/ or por t 4,00gnRfied (fep WONE RFdEY TRHcARRg tat mezo%glred\é%\s%z Br b ang%% fllRL P

pul se pressure decreases below a certain percentage (e. of a prior
beat for arcadsil.ghenaxdmplaniéhe embodiveans of iggda, thewolse prespidssiee qataudatadr fer

i MUY | S RGBS hebedOntoRYE! <=ﬁe&k.?o%@gg%gmuhé VAIBAUSSH: RagdiohP that

corresponding to the prior beat interva Se pressure was

maxi m zed (&repch6ib@rofl af deterBlined Tdvepactoalt he @dsiatioonn tigg plesanhembpdpinamat i on

el ement 402_,bac the position of. maxioumpul se pressure | cC | i shed
in one enbo%]?‘r%%lﬁ} E)t(lglgri ﬂlg’;anﬁ e ar'rlt()j Oérpof)tg)élls tOi)f(S}F]e Wﬁgeg%rpdeaygjﬁrliHHléeci'rs]\gﬁ%{ﬁgF%nati on
sweep (e.g.calalatal milsegnessureridecreasés baddvon cetaip peradtitap (25., S0%) B pericksbdap t he

| evel of arferial. applanati or .conpressi on where maxi num.pyl se ressure
was. det ect et @ HER DHAMLTA LA 6SE1 Mo 3 R GYST REcmANE T dL S5 e Aoy

ret ur nego t olevédl if apfQtibn Brrediucb® b} b et tdiRBpdnding@s Metpridd b int&@iltwiRre fOr a
peri od of tir’[E, and an iterative "ﬁe?rch" approach is utilized to vary the
posi tion of PHHfPrsHF RARMPIM 25085 U P Eigetent in  each direction: i.e.,

nore appl anat i onrranebatse $5siaMh@BALHO fpplatBiide c[ERBt ANI HiZk 'BaRe PogssLEE 30 as
determ ned fromthe pressure transducer 422 (and supporting circuitry). A

"maxi nunt BRYIBEE BHSSr BEtsHels iascamnlishedeld g qithodiment psing they @pter ippgtioroy enent
to verify tRatddd dfidt thk RBplafRdh TWRP A ! aN2%IRRERNBEN bR YR rAADs ich
requi red, nove the appl anagl on el ement %]o t hat
25  corresponds to the level of arterial applanation or compression where maximum pulse
pressure was detected). Once the coarse position is obtained and the applanator returned to
this position, the system then is permitted to “settle” for a period of time, and an iterative
“search” approach is utilized to vary the position of the applanation motor and element in
each direction; i.e., more applanation and less applanation, while monitoring mean pressure
30  as determined from the pressure transducer 422 (and supporting circuitry). A “maximum”
detection routine is utilized as part of this iterative movement to verify that in fact the
maximum point has been achieved and, if required, move the applanation element to that

point from the current position. It is noted that while the motor position or similar indicia

corresponding to the maximum pulse pressure is generally a good “coarse” positioning
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point fromthe current position. It is noted that while the notor position
or simlar indicia corresponding to the maxi num pul se pressure is

gener al | ywa ogoeis78 coar se” positioning -19 WO 03/ 065878 PCPCUS383/03486
determ nant, other factors (physiologic and otherw se) may cause the |evel
of optinmal dagplimanatdten fadors dplysedogicnhat othetweses yayneavss thet kyélng dptienahraxi num

detect] on 1 gyidfifn [ ELELCURRLHAP G hePESLifEH hiviniENELs IERERIT g 0"

the | evel accuracy coarse p05| I oni ng criteria hay be
used al one fefferctesd abode fdb bedt rasultd. Phewavacct@anchmgion thaleval afacaueacy deshred; thé er ent

appl antion 5wee I’Ofl rt of the foregoing steps.
Speci fical l yoarts e%‘isﬁlﬁf‘% ”%?lgmayé’e n%dﬁtggﬁé@%/% he straight linear rate
sweep, wherein tlheilapplabgiitcnhal eveiety 6 diff@emippland&bswezp pedtliésohhete by

an- ot | oct i vERGOVEHENLR] TTPiES B2 GUP SUBD HIVo P SUBHER FAE PRSbp Biiuces. a

non-|inear appdhk Gdat RF Heep,avHeRinlBe @ppldtation élemédiarivd mete4dei dghtnBPbEessed,
since nore force W”ﬁ’ﬁﬁr@ﬁsu red to conpress tr tissue as it _is nearlng
S

full compre¥§isgHieagon e PRI drovsiheFplagptinn Demenaat angtagayely

al ternati veeonkiaft raiepé.aNs 000 mSHREDs/TRN). DEhiSproBuces 8 Aod-liR@akp licatﬁm:of%rce
conti gUOUS set of mnir- sweeps of constant rate punCt uat e(r finite pause

peri ods ®f PlodiapDIO; Btissth Peing pRrRyatsed. ey meee {pacer il Wféﬂ‘éreélt‘gﬁ?ff‘li’ré%fﬁhe si gnal

processi Ny QEuOhd@ls &a&@g ﬁll%ﬁ‘qﬁn’%&sﬁ&( ACHPbRY td BB ohset off @ppifdidn’ 6 JiiHeng the
appl anati on sweep. another alternative, the rate of applanation my

be made det élfqmaﬁwgtthecapmlon sweappn®y, be peprvisedineast hat B wenteavbesdieehminit he
rate is Cou%ﬁg ch&lg@nt%{e' ﬁﬂ&tu&ecﬁ19§"}"hlte{ ﬁéu@e germ!s Q)IP nb %&Sﬁermwag)g?%bﬁ her

directly by t henbodynam ¢ neasur enment syst ., extracte romthe
pressure wawey b¢ msafe axhare dighyicant signalepeisseng @rawb@m@r pragasingfaaguighio® s si gnal

processi £g) reg@;ed%nﬁ%&%Qgﬁla&ﬁgﬁéﬁéys (such as an el ectrocardi ographic
a

devi ce adapt conpl exes of the heart). Specifically,
i n one enbodi nems yes amghdr dernatng) tjnem:wsf atwﬂaaatmnnaay mmadeeddtdnmirﬂmias%ed
pressure waveform. the gl ract hear t is |nto i.ne
equation of aﬁ“@‘ oMy -ematwg ﬁ‘%"%‘ﬂ“@ﬁt ﬂ?’ic {a % Sre°&PhR (§ T'S'&t Sa]ilueélgrrta%r ate,
the rate of whmblnardeteﬁnmled; ather pirayplpr by oitahehydyhagle, nﬁﬁﬂﬂre‘lﬂe@e syﬁe’rﬁé(.le
Clearly, ver , Jno nh25 i near %{unctl ons_a be substitu 4{2 eS| red.
Fig. 5b gr a%fﬁ'ia(étﬁ? 9™ 0P PEESPUE SV OMT, MSATTest 0% His pr‘fséﬁ”gd@i“ﬁjéceél art ré?t’iﬂ\/es
Addi ti opal | Mgnaobﬂa)eéssndgy; 61 b dnottict Spparagud tduch %aﬁ@%trb&ar&ﬁ%@d |36 dé & Jasbs for
Fues of systolic

the applanati 0@ %ﬂgeter natl on. For liy t he va

and/ or di asPotPe?bi ﬁ?‘B sxp&f (5 hegdh i BRe 158 thePesMPotimgntyisingdby as

inputs to amdapiuddekin®Ratiotvea B@UMabiREd pr3GuMkavathrRl erexMaliddithi rhBYs al so
be used, either alone or in conbination, so as to best select the pr oper

appl anat i onerreedintRAdEteas gt disrfpey =pry s Potuslythet opadighisehiect heart rate,

the rate of applantion is set proportionately high, and vice versa. Clearly, however, non-
25 linear functions may be substituted if desired. Fig. 5b graphically illustrates a number of the
foregoing alternatives.

Additionally, other deterministic quantities may be used as the basis for the
applanation rate determination. For example, the values of systolic and/or diastolic blood
pressure (or derivations thereof) may be used as inputs to an applanation rate equation.

30  Myriad other variants may also be used, either alone or in combination, so as to best select
the proper applanation rate under varying subject physiologic conditions.

Next, per step 512 of the method 500 of Fig. 5, the desired pressure value(s) are
measured and stored in the system’s storage device, discussed below, while the applanation

is set at (or servoes around) that point where pulse pressure is maximized. For example, in
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Next, per step 512 of the nethod 500 of Fig. 5, the desired pressure

val ue(s) are neasured and stored in the systeni s storage device, discussed
bel ow, whwbe3bbtss7@appl anation is set at (or servoes ar oun@CTiusat/033sé nt
where pul se pressure is maxi m zed. For exanple, in -20 WD 03/ 065878

PCT/ US03/ 03486emntémentbihdi syetalic andhdiasighic playeforamdard icatsacsidi fomathefporssmse ar e

extracted f r i ' i e at in
the case. of A BEQRRRSRUEE 1t kiR HER uBubEr R AORpary furldh AR ™ on' ot
whi ch maxi ninpoint ©F applession et wbich msaxgoem eubt esesste oogylsycdrelatavesaangy tter i al

bl ood pressure i h ree. correl ation hng affected to sone
degree 5 bymte %ﬂea'ﬁgﬁltgglggoagf’rggs,gref glg?fpt)hrei G%’gr,ee 8?%&%@55&535{3%4@?0% (Sj}s%rf?i es of
t he contact bypdd e, fmeefomprsitycagdiendeheat odwee propaitied) of @xpemitact pad-idgl 4.
Next, in step 514, thelfelg%asure. val ues of .the henodynam c val ues (e.g.,
pressure) B\F?é'%%’ff’%ﬁ% VORIV BRI IB Ffedt ed for transfer |oss as
appropriate. |t NédtlinBeprsesognimzadredhatues 60the Guraodynamswlee (a/@) presswieh | need
to be scaled, and jn s cases .no scatJin will be 10 re Fired. .This result
stems 1rom fhaparelly sl o ESaier e EAREIer i 4ioBRIaPERtral & T bt fegpeaized that

physi ol ogi cndteatiyr @sasaRd vaRBSLil hetd @Nbe sRARKIED Al do0awi dagest hesdali@nNefiebe | 0SS
associated with one.individual to be_ marked| ifferent from another; and

kedly . ren (
(ii) thé) malAvirdde 161 ichdt srandioay the Besthab Gy drfg%s% ipgjuidusly dave differrat
tononetric F@@%Wgﬂf%aﬁureasqnﬁ%m{x@t%nt thekdd§ aB6ivia! thé Rhfsfer I¥RSEMRedPWRESUN €)
may be small so as to be inconsequential. As wll be described in 15

subsequent ofiesiBdi¥idigro hemarksdlydifisrent frgmapngthers apd @ theanagnitude didhaieasiet he

magni t ude of,sd hRd nESRNES Bfor! iRk HREMEriONeerdnll ¥ Siidar@ng tdgiufa ARy Mass
index (BM), thereby allowng the present inventionto, inter alia,

"intel | i genvasgularsprassere) meayr bawsmadlasupel beinsayssavental. pas aribtberdsscribed i not ed
that thespr @%ﬁ]eatws%ngsgmew RS & ytseréagzceorsepﬁ%,hsa%er{ &%%agjngﬁhﬁ' ofhoVi ded
(0] e nc

20 by the aftorenentioned ECG or ot her externa vice as a roni zation
si gnal to airghsfenlosp et divepi indjvidnaliahdithels body owabseinddxgBMi), ¢bereby allowing the
tononetri cal L hed pr.essur. - OF N ecificall i,nce .t he .ECG (or
ot her) non-F'Jre]%ngg'ﬁghténo‘%rrteogslﬁgre%aﬁt w?h\éegl e|nq esﬁgee en%§ mﬁ%gP ¢ ehe?l?g}'r?&lcto
non- physi ol pgametersi se (e.g., novenent by the patient, vibration of the
treatment facility, |owfrequency. AC noise, etc.. artifacts esent in the
pressure wavef or! Si’ooteg\ghatﬁge %??B%@V%{&'ﬁpﬁ’saty a{sﬂé'%g%étté"ﬁ}?garrg '??egsr\%{g‘[ Pr8?”%f)‘hr poses
of correb at byitheaifiderdbritishtRECAGr Stheh extahili deaict as a k@chxaadresigras td sidWwel |
known, the @foremant 'Ltoned E@G echni,gue uses e.Iﬁé trical, signals relating

a Sus)

to the QRS WsMying agifagiygr glures ip dhg fonpryetrigallysobtaingd presspite yayeformy he

ECG wavef or spasifichlly, kgicettar BCGeI sthér) nGRImdeRIPIsex@Sudietthechnjue vl mhjrey are
generated by the ,subg' ect's heart, |argely irrespective of notion artifact

or other nof ¥ HBiSEE' MFATHOZD NPFie (F&nBIv¥ETIE OYriBs BHficat W& Brth HF | |
di spl ay not jrQiinéft rdch B¢ oW FiG fendp ACHR 8 WL ¥rt ALt in the pressure waveform

25  can be mapped against the external signal for purposes of correlating and eliminating such
artifacts. For example, as is well known, the aforementioned ECG technique uses electrical
signals relating to the QRS complex of the subject’s heart for measuring heart rate; the
ECG waveform will therefore register QRS complexes at the interval they are generated by
the subject’s heart, largely irrespective of motion artifact or other noise. Hence, wherein

30  the tonometric pressure waveform will display motion artifact (such as the gurney on which
the subject is lying being inadvertently kicked by someone administering treatment, or the
ambulance in which the subject is riding traversing a rough patch of road) to some degree,
such artifacts will generally be absent from the ECG signal. The present invention

optionally maps the two signals coincident in the temporal dimension using the digital
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the subject is lying being inadvertently kicked by sonmeone adm ni stering
treatnent, or the anbulance in which the subject is riding traversing a
rough patwb odbeisosd) to sone degree, such artifacts w || PgEnESNadI4g6 be
absent fromthe ECG signal. The present invention optionally nmaps the two
si gnal s coi procademt ddscriliehebetlmp@itlalresjaiectewsiFag] Us kmiy ckdneinel giet aignal® lat WO

03/ 065878 PCT/, ng%:%ég or de(S)‘PnI:II E&d P%n vag gr p ect to | g 7,
and exami ne& P ﬁ%l?gn f)rgECfle'fl WOW S AP EFTALT E'%O"g}

novi ng 100 o&utkerte ool E\/[ﬁédﬁteihﬁmedmz)wnto(re gupbaGt QRS aaglittdecBoeediig @ given
predeterm ned event i, tude exceedj ven threshol d)
P o et or m nrt e deiish S TEG,PRERSH &reenanrotet St B Veursihied | n
the 5 dat a @i t@rtwed fdrakat pbadd, bﬁﬂlls@died(hﬁ aGpsieaak dele &Sns&nspmmmsarﬂﬁbtse

transient or notion artifact e _exenpl ary enbodi nen c), the
ECG waef or RIS SHOMRIEBeatof gienk (i Gk BE LR aY °r8’a'éﬁ‘%8%rF‘§ f%émdet%non

Wi ndowi ng f eingdch MRart btat; b SvindlihEtinkGor RB & APAINGRAL toi B kdrpmRBicalneBtaink@vef or m
data to effectl vel y bl ock out Et))ressure transi ents occurring outside the

speci fied VaYRiIMafadorfdaivainhblask P REGSHitTe (AR PiwTippeu e dhe wacifipbat |

Hence, onl yiehieae whitiod! tiidClsScenht@hof iR EOGIRIcERAtb¥t.h Gdd, tonRe &lose as
detected by the ECG w [l be included in the subsequent si ﬁnal pr ocessi ng

of the 1®noffEfaciscvhigvas 6pinsidons sifhisyt Beatadtaisipctedibytthg BGEivgH befincluded in

noi se/arti fﬁgtsubgéﬁﬁﬁer@rs‘?@rﬁl Bl cRlstaY oPfiheS %m@@ch@/a@erférH a&§su1‘Mn| ab@ndom
elimnated fromthe pressure waveform usi ng such a techniq § w il be
appr eci at eddisthibwieaneef, naiseartifaqthie greph anaj oy o ﬁuphalpﬁpffe@a&tfh@s\wﬂlobecdnme#itai ing
15 the exte I nd the tononetric waveform may
be used. Fofrg.l‘ath adrr%ﬁgaje ra gsr)ﬁst"%a%agmﬁﬁ) L\%l ng approach which has two

di screte st at es l¢ wilebg amfir@dmrdd howevendhat dittee fmddionsmnd eppropihes ol @atkdngi gnal
process ratl ard th dto .selegctivel |dent|f

noi se/ ar i fact xIem& s%nal 3ECI i fotherw?% an(aat% fé‘??ﬁe"‘S WatVFll%nPl a,yyb e% F

enpl oyed. Sexampéd, golrer thums windowiag Iap;im@hmmﬂa hdsawe d@sf:recersﬂatew(r’ iy, ﬂkcdrdi of n the
signal 20 progcessing arts ? accordin t .descri.bed furt

nerern. o ey ol iEhieBRaSaR mipRisine i BTG FEORPES SBHEER one
exenpl ary esdxedidie idenofy ﬁol’be/af’fﬁhd’ﬂ&dd)lrﬂ@o&/efloFromStﬁﬁlWaﬂ@o@ﬂi “GOHeem’l Mgy baw or
unscal ed herma % g cLiata oEt ai ned the rreth doJ.ogy of 25 Fig '5:
described aBBR/EYed) ¢ SyFh plegiihmg dsg e e aio tas9 8 BHBEU; Rete %$“a i gs.
5d-5h i d&%@ésklhgﬁhd M@Edmmgrfyaadhoaki@@madhm&uﬁaeas woul d be utilized in
conjunction with a digital conputer systemhaving a mcroprocessor or
signal processor, the nmethod of the present invention nmay be partially or

even entirely prgwalpasdrifdereMoRAinof such an al gorithmor conputer
system For exanple, portions of the algorithmmmy be acconplished via 30

hardware (such a%fgah€nb0® €igeNdwsh, @fe btndhrfShbofhefiREMe mShofN&y BRNUAl |y

via direct
scaling or correcting raw or unscaled hemodynamic data obtained using the methodology of

25  Fig. 5 described above. It will be recognized that while the embodiment of Figs. 5d-5h is
described in terms of an algorithm such as would be utilized in conjunction with a digital
computer system having a microprocessor or signal processor, the method of the present
invention may be partially or even entirely practiced independent of such an algorithm or
computer system. For example, portions of the algorithm may be accomplished via

30  hardware (such as gate logic embodied in an ASIC or FPGA), or even manually via direct
or indirect control of the operator. Accordingly, the exemplar of Figs. 5d-5h is merely

illustrative of the broader concepts.
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or indirect control of the operator. Accordingly, the exenplar of Figs.
5d-5h is nerely illustrative of the broader concepts. -22 WO 03/065878
PCT/ USO3/We#306#.38 i | | ustrated in Fig. 5d, the nethod of seariusg3/elde
generally conprises first determning a first physiol ogic paraneter of the
l'iving subject uiddiusested uatFignSd, Ihe medd0)of schorg 5rrbgsnwkaelyoéoni;irismﬁfsati on,

t he nmet hod 4 15 de cri onornetrjcally
obt af ned. bl SEEMIPREE IS PRERE TR afonDas ok udler San b REsIbGT &5
human bei ngForadht h;@ltbghf iltustaation, b @eped 6l atedestid hhermmebmm sﬁﬂmgbﬁ a

enpl oyed at ot her. tor| ocations on the, sa rent species.
The first pRPIRET gqlly aé'i‘eI‘i' lgg‘?‘;nprf’ﬁf“? me@ﬁ‘@ﬁ'ﬁ?'ﬁr‘ﬁbtag}r}g tra@%‘r?ﬁﬁefysgg a body
Mmass i ndgx gBMn) bedig, tamebutgypewmebé adﬁ%@Wﬂ:dl tRatt the meﬂ%dlrﬂeiyl beddrhSloyedRe Gttt cal 1y,
the BM conprises: BM, = WH2 (Egn = Body mass i ndex

1)
(Kg/rn 2) npaitesing;lesationieinghe Sa(nv@g?')dlffrremsmﬁ'eg(r:i?h%@ssbwammr optainggdin ds  BM

val ues for thephWBRbsRREItRSmpARIE bhiyokabriek (BRITKGF th2tyHO wed kKhAMI tHe SO
Kg/ n2, althou(%h val ues outside this range may occur. The values of subject

wei ght (W mahep! pes-ghecificy!lvaths Bﬂ\élaﬁﬂ’mpyseébt ai ned usi ng conventi onal

measur ement techni ques not described further herein. Next, a second

physi ol ogi ¢ parameter of the samaBl\élhﬁj“@E’t i s deternined {E(ﬂ“sk)ep 542. 20 In
t he net hod epbodi nent of Figs. 5d-5h, the pul se pressure (i.e., the

systoli ¢0pr¥B¥Ere ninus the diastol i pressure) is used in conjunction

with the body masgi rdgyHBM nd&f (Kdrg?) subject to generate a corrected

pul se pressure. ig. 53%530 \ugg}q@f(ﬁ the rel ati onship (based on enpirical
data derived by jjhe AsgjgneRioHpgheof, discussed in greater detail below)

between the ratio of BM ' to tonor netrically 25 measured pul se pressure
(PP) and the error factor (percentage error between tonometrically derived

pressur s r eagiing Bl\@lnx%l&e'@%:a@n& Whanh BieERY ?a%gy hdfy HoRS ﬁsukg/n?zsupdt%tr&! yegl by
A-line invasive catheter). As shown in Fig. 5e, the rel atlonsh{gﬁ betvveen

error and BXE/MBPalihouglevaluespuisidseifiisaree Saaysacarr i Biel Yalyer 96 aubjgeo pvei b(\M;ata
presented, flepdiald gl %aﬁ%lggoﬁtamé@%giné%Q@enﬁf)nal Ei%a(sl'?.gm&ﬂ' 6 nQOr{‘ékg- oe

i's S|gn|f|cant fromthe standpoint that it provides a descri pt| t he
behavi or of desenbed ferthephdreinct i on of certain sel ected physiol ogi c paraneters

(e.g., BM and gR)., sléupa Spﬂgﬁ%&%%gr%e@ 1B sahRGURE& FEMerh UG I QN5 40 apply

t he appropriate I aveél
20 In the method embodiment of Figs. 5d-5h, the pulse pressure (i.e., the systolic pressure

minus the diastolic pressure) is used in conjunction with the body mass index (BMI) of the
subject to generate a corrected pulse pressure.
Fig. Se illustrates the relationship (based on empirical data derived by the Assignee
hereof, discussed in greater detail below) between the ratio of BMI to tonometrically
25  measured pulse pressure (PP) and the error factor (percentage error between tonometrically
derived pressure reading, and the actual intravascular pressure as determined by A-line
invasive catheter). As shown in Fig. 5Se, the relationship between error and BMI/PP is well
grouped and substantially linear for the data presented, the latter spanning a broad range of
BMI/PP values.
30 Fig. Se is significant from the standpoint that it provides a description of the
behavior of error as a function of certain selected physiologic parameters (e.g., BMI and
PP). This description allows the present invention to apply the appropriate level of scaling
to the tonometric pressure measurements to correct for transfer loss and related errors

present in these measurements. As shown in Fig. Se, the losses (as reflected by the error
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to the tononetric pressure nmeasurenents to correct for transfer |oss and
related errors present in these neasurenents. As shown in Fig. 5e, the

| osses (awOrahb8cs ed by the error -23 WO 03/ 065878 PCT/ USP8TAB48648@Ct Or )
at low BM /PP values are low, and increase (linearly) as BM /PP increases.
In pr act i ctaktot)eatnsw Eth/BBrvaluw' trl lh\w,gdinda\dbreﬁaar(lindfaerBasrrBNFPH’Pviabm:iSew [0}
require nore tra | oss |ch |t|v omt he
observat i onprf"f‘ltétaptse%% PSEBH %%bﬁ\%ﬁo IY”OP(” AR, e %ﬁsea eewlﬁaeégm Wo'ﬁe’v%s‘ﬁfr@r (skin,
fat, nuscl elos¢ endotion, @hich)inthifively mmd float meebsefr\hﬁom aﬁlt alch 5e®nd &mmaing
surface of the skin onth |nt§‘; tr tlhe i St. % % aver%tall,
thin perso V\ﬁﬁatgﬁeaé?fé’?aé@% Te an"HSCFet Op St} f qr%os?: Enithnredigh
transfers| oggery Whd Sltfdcs ofkifeOskid B Uietihdéaby ot @ERAtsk.i WBnvdrieds a \ofy andiny
illustrate the rel ationship between actual intravascul ar pressure (as

measur ed, fBFS@ENNhRETagy Fnvalie Vildtauied o AUFRSHN (oA tgsirrdasupaish it %‘s%ure
for syst oI | muaitly dhpdiimgt ol | C pressures respectively, for the enpirical
data previously referenced, in each of these figures, the data is
tightly grouped fgbr§and ?%H&‘ﬁ‘i"éﬁﬁ‘lﬁ rf‘?ﬁ*@sfclﬁéﬁtévee%ﬁ@l difrayasculpy pregppne. (asst at ed

di fferentl Ymeéslﬂ%ﬂefo%)@an{ﬂieeﬂl &t Algh® ahi m]bm@ﬁﬁhuy .ﬁkaahaeelaﬁe@gupesfopstsm@an& he
tononetrical |y measured systolic and diastolic pressures and their

cor r espdhdi ﬁgstal@tmaﬂsurefnm%ﬁp@ﬁﬁlasltuﬁoa?hewmw@l da!L@fP‘ﬁOltshefefﬂr@s%tASeWﬁm]|1rment a
li near rel ajAretHeR hgural e ddesd tlglgl))@g@dedtahﬁg NERGRMI0E g&éépg{o_dggg\ ueen t he

t ononmetric and actual ~ 1 nfravascul ressures C )
M % E b E bnean. /Stated difépnently, ferez a&Ppmdlcm\mmﬂorﬁPTelﬁlmﬂusfe bpivess Lthe

(tononetri C?onometrically measured systolic and diastolic pressures and their corresponding actual
intravascular values.
15 In the present embodiment, a linear relationship is also used to model the
percentage error between the tonometric and actual intravascular pressures, as follows:
PPr—PP4 BMI

% Error ZT—Z M-
r

+b (Eqn.2)

20 Where:

PPt = pulse pressure (tonometric)
PP = pulse pressure (actual)
M = slope

25 b = intercept

Manipulating this equation, the following is obtained:
PPy—PP,=M-BMI+b- PPr (Egn. 3)
30 PPy—b PPr— M- BMI = PP, (Eqn. 4)

and
PPy (1-b)-M- BMI = PP, (Eqn. 5)

Eqn. 5 is the generalized relationship relating the actual intravascular pressure (PP,) and the
35  tonometric pressure (PPt) based on BMI. Note that PPA (also referred to as the corrected

pulse pressure, PP.) is based on the current interval (e.g., beat), while PPy is based on an

24-



5PPA = pul se pressure (actual) M= slope b = intercept Manipulating this
equation, the follow ng is obtained: 30PPT-PPA=MBM +bPPT (Egn.3) PPT- b
PPT- M BMWvO03@68(EQN. 4) andPPT (1 - b) - M BM = PPA(EgnPCIHUSBHERB6 5 iS
the generalized relationship relating the actual intravascul ar pressure
(PPA) and t nerdgo polsepressarepiverstbel pieor (‘PP Iseba bled, O1F cBiVb¢ alNotusmbeh@tg., PP of al so

referred to age Eiegeerm?rgi)srtlles\ﬁé}]egs &%[gsgasgd[’)gnsgrwher qlli)zf)?}y ‘ﬁi’g"\?\%%@g {\l}gfg Jec ur rent

i nterval (emﬁ ased on'an

PCT/ US03/ 03413&\»@&@1&&@6 115)tﬂe&ﬁlcpiam;bm@swi\féesnrbd]é{qnce o effact, thipuhtseBP/Myrie, "n"
can be any made determnj stic bei ng based on
anot her qua |5?"V f?fé%fs‘%f ik P&%‘ﬁﬁ? [orFEOSSUHS SRS} O&% ‘R‘é‘mﬁ?fé"é‘n%jg‘?ﬁ?‘\‘/eé’ " he

cal cul at 5 onwavea®s ani‘h” deavdl erbvidgeniaeow isres@blished, whiefeth thakare &R/ RIRs-is | S

the scale factor whic | ied to subsequent sanples of the

t ononet ri caPlT%L‘e‘?)‘b“teé?aﬁ H‘t‘?SYaZ@gﬁtbe 5 waveform An "n" interval noving w ndow

I's established, pQHEHB ubd 6 29MER r&@@dn@hlp kAN, 5 lasoveqml th@ﬂm&mg oelagsh sf
i nterval (beat I near relationship in Eqn. above

(and the fuﬁ%ﬁg%nswﬁfb%%?c'a@ﬁ thaéﬁ’a r%t)onsfll@ betivesn the BAHGT ea@ﬂafrerdfaftﬂra(prt he

rel ationshi p,hek waed dn %u%%ﬁf%l@gkdpem@érs B@-ﬁlh@t‘fon(tﬁéreofflﬁéd %oheéanngytﬁeea any
ot her physi ol ogi c paranmeters or function thereof used f scal |ng? need 10

not be P neaget hsdingas oupssuap N YHTesE psdfamn. f%rrrﬁrarmaﬁ, @%&ﬁﬂ%ﬂd ddbaraslatiert ed on
the popul at bop &8 o ek ?he%ofséélgs Qltncﬁe WRMEPLpebific BMI Janélﬁ ?naWbterHead@jly

specific BM range) may deci d non- 11 near Furt her nore,
paranetric nei- hmeﬂbd%lﬁhﬁrﬁosﬂcﬂihQSl)aﬂﬂ@tfweﬁwwmﬂ%‘8’@ s thie@MH\M@danpmaglw may

yield a nons ol:scntfeﬁrbe W&)’ }qg'ld amh (l:lneagﬁnlcﬁ& %ﬁ‘:ﬂ c?ﬁ’?bé lﬁ@d p@tﬁé §as§/s%r S%glﬂ'lg' ng.

Al t er nati ve unct| on nay pi ecew se-cont i nuous of
di sconti nuowernmlyadwelﬁmcﬁtmncna)oheblecee\h@tqoonmtwpsr tyrerdfcontnuresy Noriad

successf g” ! Yu n%:tlilc%%{ re a%”el%% ngeré*sr%q?%qu h?ce%dl;llyvgrl]lggltutglgndgu n(?{:c‘?hlsm 2 en}thse of

t he present Inve turning e correcte
pressure maﬂefgemanallp&mm(dftmrescetdnmnon step 544. In the present errbodi ment ,

o 2101 G Bt B BRSSP Sl By ARG Lo
pressure ( asteg 0440 Ime@rpressargibdingst) thiy ispRtermined b4 suftdattingnti¢ hvepdgyihy each
Zero pulse tonometrically measured mean pressure from each subsequent tonometric sample

20  value of pressure (a "zero mean" sample result) per step 546; (ii) multiplying each "zero
mean" sample value derived in (i) by the derived scale factor (step 548), and adding back
the “n” beat average mean pressure value (step 550); and (iii) repeating the process every
“n” beats, using a newly derived scale factor for every “n” beats (step 552). The resultent
waveform is a scaled waveform which is effectively corrected for transfer loss.

25 Note that the foregoing “zero mean” approach is used so as to zero or center the
waveform around a known reference level (zero). In this fashion, systolic pressure
measurements advantageously will always be above the zero mean, and diastolic pressure
measurements always below. However, a non-zero mean (i.e., offset) or other reference
point may be chosen if desired, such as any value between zero and the measured pressure

30  mean. The zero-mean approach is merely an expedient convention to simplify analysis and
make the results more intuitive to the user/operator. It will be appreciated that such
value(s) may be chosen to facilitate computational efficiency, especially in more “thin”

hardware environments where computational capacity of the host platform is minimal or at

a premium. For example, a low cost (or even disposable) apparatus embodying the present
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mean" sanple value derived in (i) by the derived scale factor (step 548),
and addi ng back the "n" beat average nean pressure value (step 550); and
(i) repaatoduoesrhe process every "n" beats, using a newPgTASn3/e386 scal e
factor for every "n" beats (step 552). The resultant waveformis a scaled
wavef or m \A/ninc/tntios meafythest 4 digita} pm@caseoviwebolﬁmtww&rseaﬂdloommo%tHklmtean phat the
foregoing " gf t he

wavef orm ar éﬁ%ﬁp%&'&%gﬁ%ﬁr §§§‘r?é§“ Péve t%() Og’%mﬁlé% tﬁﬁﬁh@é ffpggi" Yon, systolic
pressure neasurlenes aoivcanhagtheumhgmmdd lof adrmvaysssdo@teab et tﬂqéletonzcﬁmanricrrean
and di astolic pressu non-zero nean

(e o8 7 sy RismentdBrerPEF B AR A mrENls P " sfRNS bava MEBE  on e
any val ug bsitinefthe zesrafagoidschlae Tf&ﬁ@dﬁfeﬁﬂaspds @R Ioomed: psmmre aﬂ/‘tﬁ's Bﬂhg)}eﬂiéan

approach is_nerel edient convention,t

The Pacul t o oE ShBlinFRRES Hred R e fustlo TRt Blhefisdiitat oq
that such vaiple(sih theyzde mbmsaamu@efda@hb&d &io®e, GO rRUtsah itedalenrRf dybteliency,
especial ly i t hin har d envi ronments where conput ati onal
capacity of aﬁ%‘gvslﬁ‘gtprﬁls%{?%'f‘?ﬁ ‘ivé‘va}fﬁlﬁﬁf’ﬁsa'?‘“%rbeéﬁcreaée indrashitydeEyringscaling e, a
| ow cost (W“s@éf@ﬁd@gslﬂﬁ SR, aAP PAfctheS dBHPO Y iGNt iR e DI85 e des@ ey KA

03/ 065878 PCT/ USQ3/03486 i nvention nmay have a digital fprocessor wth very

i mited!'f pereapafsi!l Relayr yith reseechda b s th ?@é{auﬁowﬁto cthp Proset drspEohe

chosen so agdupakestsueRh? Whige bhdl SnlBMI LRAPE aRARIiNd toVthe IpFevicasi@ldieuiiat ed
that the magnitude of error associated with the tononetric neasurenents

descri bed heedpdplogy whighkpeforag shis yeetehimepef theytangmetrie jwaspiprmy so ehie compat i ve"

5 side of t{R&nLHellhaliREhAlcubf dheormlNi S correl ates to the tononetric
pressure always being |ess than the actual intravascular pressure in

magni t ude due t olher ases bErpulsgspresswite (PR)hiss af pleysialagic pewpleted i th priaent zer o
mean” t gehnigiie, ﬂ&?@?ovfb%gth@ Wﬁr aqvtantgges&flb{aﬁg Id@rn}egr}%ﬂ?&ﬁ%{%aﬁéﬁés%ea?ure nd

di astolic pressure val ues wh be 1 ncreased I n nmagni

during scal bnthe p(réssurp ertanskdecbru"p‘ﬁatﬁ&alPPsyQtrmed by aamdthérsatrcet mhmMatm*df thas
ShO\Nn in Fi %/stoﬁc)an dlaSt esci‘(r?i QI%Q’&,UCS élt an lven %me et a b6| o w tdh tr SBeCt to
Fig. 7, the™apparat us 7o er " tné s esent Fivesto Ver%ﬁfegﬁtfliﬂ &g 'Yy et ch”
val ue basedawordBigly, amdthE’Xeaqxtany dimbgditnentt dfethprievendos Mhedis thessselthg factor

t hodol ogy whi ch tret of th t 1
o compl y HRHE St FadhE RO et el Pmanpae) gy o

pressur g ( PRE sagerd dphysS pRbs0g MefBafembR Gierd 8 nbhRed FRIRNEaregher ® et
provi des the further advant a]%egcg,f bei ng deri,éed from ot her vari abl es
measured  b{PCFSHE sHehoRAcmter: HIp aqygriageousty simpfidies thpsqalingRipieied by a

mat hemat i cal rramw%abaswn&&d tkeedatsSpdeRled GbMRAvAI BRI IbG Y RSHECWNA ues at
any given tinme (or aver redet erm ned interval accordingly, in the

exenpl ary eftiduititgnglingel ﬁwés ithValdation afhibe angihqdetosy cefi thegpresgat srention.

dﬁ: rer nmsng; : lgsecl@amemeof(mi@a@lsae&e& DRI [30Vsf GivRUSS SRR HE SorRht Al ned
i i nsi
25 yltlp?:: tonometric waveforms for each. This generated in excess of 500 data files relating

to these individuals. Each data file was broken into a plurality of “epochs” (e.g., 10-beat
increments), with the pressure value being averaged over each epoch. The aforementioned
BMI-based scaling was applied to each averaged epoch, with all scaled epochs ultimately
being collectively analyzed to generate “global” or non-individual specific data. The radial
30 artery of one arm of each individual was arbitrarily chosen as the basis for the
measurements, while the other arm of the same individual(s) was utilized to provide
substantially concurrent A-line invasive catheter measurements of blood pressure. Results
of this “proof of principles” testing yielded very low errors in both systolic and diastolic

measurements of roughly —1.2 mmHg (std. deviation = 8.6) and —2.6 mmHg (std. deviation
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pressure neasur drehe firsesknisqa s the pethed johiseding %0 ndrRigr e BMt velbe ipr esent
invention i | giats : L&k R cond
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to produce a scaling indgex ? scrlbed in greater detalgle Ea) In the
first step 562 of the net odBo scaling 560 of Fig. 5i value is
obt ai ned f oy, éhe subj ect as previously described herein with reference to
Fig. 5d. Nex? in 15 step 564, the BM value determned in step 562 is
related to the secone S}nalrr@rfectter(cc(rsldgred dumensibnless) cunf er ence of the sane
subj ect) to obt inde S as defined by Eqn. 6: I,s = BM/WC
( Egn. 6% wher e: al%"%’ ?gy S'P%é‘t(glg donsi dered di nensi onl ess)

= Wrist circumference (cm)

“Typical” values for [srange from approximately 2 to 10, although values outside this range
may be observed. Note, however, that the term “typical” here refers to values observed
over a broad cross-section of the general population, and variations in body type, bone size,

25  weight, body fat content, and the like may cause significant variations in I; between two
individuals.

From the scaling index value I determined for each individual, a scale factor K is
next determined (step 566). Table 1 below illustrates one exemplary approach used to
derive the scaling factor K, from the scaling index I;. This table is derived from empirical

30 data obtained by the Assignee during clinical trials of a statistically significant number of
individuals, as compared to auscultation/oscillometry (“cuff”’) measurements obtained from

the same individuals.
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pressure transducer and the blood vessel wall, thereby requiring less corrective scaling.

15

20

25

In contrast, consider the individual with an I value of 6.0. For this individual,

Table 1 indicates that a scale factor K of 1.2 should be applied (effectively correcting the

observed pressure value upward by 20 percent). Such scaling is needed since the transfer

loss for this individual is substantially greater, as reflected in the greater ratio of their body

mass index (BMI) to their wrist circumference. Hence, the BMI (numerator) tends to drive

or be directly related to the amount of fatty tissue present at the subject’s wrist.

Lastly, in step 568, the scale factor K is applied to the raw or uncorrected blood

pressure measurement to obtain a scaled or corrected measurement. This is accomplished in

the illustrated embodiment by simply multiplying the uncorrected pressure measurement by

the scale factor K. For example, an unscaled value of 100 mmHg and a K of 1.2 would

result in a corrected pressure value of 120 mmHg. As previously noted with respect to the

BMI/PP embodiment described above, the tonometrically measured value will in effect

always be less than true intravascular pressure, and accordingly the tonometric value will

always be scaled upwards in

magnitude.
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pressure, apdmpks efidithgicdlitdRctbORORRctekRind@ bRy ThHId | (&«%uﬁila&?y& hepsical ed
upwards in nmagnitude. -28 WD 03/065878 PCT/ USQ3/ 03486 |t recogni zed
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using Table 1 (of si € propose scal1ng factor coul
cross-chec kerdClmgbzpznsm of the measgteimeal ordtie abbise’sf wrist a¢ kievilailndotvérdisall sTios

Su.b- cl aiiesun%eﬁ é} %jgtﬂﬁéa? zgcﬁlangage otf%s?es erﬁtl?opﬂolo bOV af’ith(é\’?e:_slt l?'lsgaﬁ\z/if’in e ) In

this fashion |ers can Tbet or e

appl i ed, potpphitd &l thy uhnstlé¢dgatismg mdaeurememegsubesmnmajlyobsteasmvearomfs i rtRd or y
measur enent ot .consu ot her resourc Note that sihce the nethod.of Fig.
o e ol e B et S B Rl Dshratatit e Bkt Uy S et v
measur enent with rdéspécs ts &te(Bl‘dl paeratimetion of SteﬂODOZ: pickioGE) desBeibe GilnEEg{h)é,BMpr eci se
| ocation of ,the.nras the subject's wist s S|n1IarI no
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met hodop®gyweikht. t hat the resulting scaling applied to the un-scal ed
pressure neasurenent is substantially insensitive to errors in the

clinician's or cHfsHtivey: Sthar iphysidlpgicalnpasesiere Maadgr iizgd sto Tple” dbwant age
al so exi st syaWidrhy (ﬁ?&ﬁﬁﬁé fab@r kDEerBMit Q%Bﬁfemt@%' W pRfssiBd RRashRA%nfr @Yl ously

descri bed, since t determnation is fairl y insensitive to'errors in
measur ement ©8Mplehd 1§ otsillelstowa thasi theelegtrien! gmpedancanef glsubieoNs ttissusainiavgivgn ot her

physi ol ogi calioRasrAMBIHRGS ARYbeDR I to &89 m§s§a$fethets}a%ect. Typically, such
25  measurements are made using electrical signals at high frequencies (e.g., 100-200 kHz) so
as to overcome noise and other deleterious effects present at lower frequencies. Hence, the
present invention may utilize such an electrical impedance measurement obtained from the
subject’s wrist or arm as a basis for determining body mass (or a BMlI-equivalent
parameter), the latter being used to scale the tonometric pressure waveform. Such
30  measurements may also be used in a confirmatory capacity to qualify the scale factor
derived by other means, and/or provide additional granularity within a given discrete range
of scale factor.
In another embodiment, the relationship between the scale factor K and the scale

index Is is determined using a nomograph as illustrated in Fig. 6. As shown in Fig. 6, the
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25  scales on the same nomograph 600, the present invention allows the user to “walk” the
straight edge across the nomograph 600, thereby obviating the need to record or even
remember the results of intermediary calculations. Specifically, for example, after the BMI
is calculated, the user simply pivots the straight edge around the point of intersection of the
straight edge and the BMI scale 606 until the WC scale 608 is properly intersected, thereby

30  yielding the scale factor. Similarly, the user then pivots the straight edge around the point
of intersection of the edge and the scale factor scale 610, and so forth. The user
accordingly need never even know the values of BMI or scale factor determined in these
intermediary steps; rather, they need only remember (or record) the corrected blood

pressure vale from the last scale 614. However, a table 625 for recording the intermediary
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25  made in nomographic form, or alternatively, a continuous, non-discrete representation (i.e.,

with I; and K, being continuous variables) may be made with equal ease.
Lastly, it is noted that the nomographic technique described above may also be
applied if desired to the BMI/PP method previously described, the calculations of Eqns. 1-5
above being reduced to a nomographic representation by one of ordinary skill in the

30  mathematical arts.

In yet another embodiment of the method of Fig. 5i, the relationship between the
scale factor K and the scale index I is determined algorithmically via an embedded code
within the processor or storage device of the blood pressure measurement apparatus (e.g.,

see discussion relating to Fig. 7 below). For example, the relationships of Table 1 above
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factor (and/or corrected bl cod pressure) determ ned using the
af or ement i oned Referring now to Fig. 7, the methodology of lateral positioning of the transducer

25 assembly of the applanator 402 is described. As previously discussed, it is desirable to
properly place the transducer 422 directly superior to the blood vessel of concern (e.g.,
radial artery) prior to performing the optimal applanation, measurement, and scaling
procedures discussed above. Such proper lateral placement helps ensure a high level of
coupling between the blood vessel wall and transducer face, and in some regards helps to

30  mitigate transfer loss.

As shown in Fig. 7, the exemplary method 700 of the illustrated embodiment
comprises first positioning the applanator element 402 (and hence the pressure transducer
422) generally over the blood vessel of interest per step 702 as previously described with

respect to Fig. 5. The applanator element 402 is held within a brace or other apparatus such

-32-



WC- based techni que can be validated or checked using the PP-based

techni que, or vice versa. Alternatively, the results of the PP and

WC- based weabnsigaes may be averaged or 20 anal yzed st ati steicaalsoyo348éany such
permut ati ons and conbi nati ons are possi bl e consistent wth the teachings
of the presenat therfort insopmsntloaéclegalleraﬁgawerhhe\/htsmedodfm:g}ofmei @ibjecngwrawlitio Fi g.
7, the nethodol ar er Slt oni ng, of t t ransducer 25 assenbly of
the appl anafgfd ﬁ‘g%h? Breﬁ’@%wtﬁﬁ%g‘“cﬂé DI q%rsewpge A UREE™EY- i s desirabl e

to properly pl amexttifetep Tomsitued ofiadplabationdbi the smﬁtoonomaajbgedaémdo vessel
radi al. arter rior to erformn i

of concern (e, opti nal
appl anat i on! wg%aﬁ%)ﬁtéma“yaﬂw@{ére rew&&aﬁf"@éfﬁa? E‘H ?é ﬁmswétmesach

proper | at ee&hprgka&@mmg” b@blﬂﬁth@@@ﬁérﬁteﬁ phisgife teasab cREely aRMHRIA MY cBRkaneen the
bl ood vessel wall and transducer face, and in_ sonme regards heI ps to 30

mtigate tr et BIESPEsS. h'SAgeSéwsmeleﬁteTkF‘gas tg pravifs adsaisiSiEng! courlingdetrsen of t he

i 11 ustrat edRaeidi WiBiNdnd t6O4RLE £8S of thé SrhnsBOSH E\hz?fh'eﬁ&exbb&d@i@&le%ﬂ@%&fphﬁé ement
402 (and hence the pressure transducer 422) general @Z@over t he bl ood

vessel of i KyerEs) Wl aéspé’ﬁrnﬂﬁﬁgd%OVﬁWéWled@q svawa@scw nduhersouplivggeeEt to

Fig. 5. The epplaRatfr sufh&BMNthe %Q%_rét'% RE! dithduk I@lhﬁheafrml@r?%r Qfstomotﬂe(yf the
apparatus such -32 WD 03/ 065878 / US03/ 03486 that the forner

posi tiohd estewhichynightehe pafdulj t ghedrbisely Pra@?ésmnomée%mbpfemteasgrevkmesssure|t is
noted that the.spresent nmethod anticipates sone degree of |ateral

m sal i gnment. Next, in step 704, the | evel of applanation for the

appl anat or 402 |Eheadj)lasaterd‘l@oisabentrooveddﬁtmabj/ ncrasssthbsqbawubmrisytocﬁonmiag]t

pressure r egr Ound\Lli %m é)l?@ettff g?ﬁm Ye&d v%gsgl of-lélahcserrgg\'t jogg or exarln;ﬁ? alln r?n% he

"servoi ng" esi gn pressure to as

constant t aerglacbdnpcm,stbua;mlanﬂmr éOZprsewad ewasd thell@etzéporson afsthe subrc Oy vaiet,
adequat e si cou art ery d the acti e of

t he traﬁsdug‘efe PO e attch t(glthnet rea\rgl:‘%'gsq)é)ae and t éeC'anélycoup‘]?yO g er%@@ }ﬁ Ifa%?/\/ni | e
al so per m t tdcoghizedyieventr, diat dather stm'rgs;djsmens @22 riaalid ot bthease) kriap Ge Iuegder

423) across. the surfac t he. subject's skin without undue fri n or
di s%orti on F‘e aﬁémﬁ?r ‘f"ésﬁep%ﬁi%ﬁdb] B2 R AP G AN NE oStERRET é‘l%‘ireg‘{ ?8‘? cause

anomal i es i BistisioMATUY. &3 bpIbRF Sthich isVEUSEOtNthel BEpl@RR) 21031 OFloWE2r, i sich hen
noved |l aterally across the subject's wist to fa starting p05|t|on WhICh IS
of fset fronPPSPNHISHAY \PES@&"I’mEifSh HERg AnY dYRepol7 Befive IS c3dniBi% evmbgne

enbodi ngot , pérR®maPRh@AnRAy FrdedRRd. i s noved toward the | ateral portion of the
subject's wist, 15 nore proximate to the radial bone (and specifically the
styloid pr ocess)Ongetthegpplanger 4Q2ds Beffionediat IBERENEROINLHAE PYshrsessee 4PR)iing

posi tions (ﬁmgrtoredTFs@épa‘i’OS‘PrbaQH her ik %?s)tolféaéﬁdb(ﬁas't@racdcomlpg%tsaﬁmé iRReEGh 02 1S

positioned using a | ateral positioning stepper
pressure waveform of the transducer 422.

Next, in step 710, a lateral position sweep is commenced using the lateral

25  positioning motor 845, the latter drawing the applanator 402 (and pressure transducer 422)

across the surface of the subject’s skin while servoing in the sagittal direction to maintain

the aforementioned predetermined pressure. In the present embodiment, a linear position

sweep; i.€., constant rate of travel across the surface of the wrist, is utilized, although it will

be appreciated that as with the applanation sweep previously described, other profiles (non-

30 linear or otherwise) may be employed. Pulse pressure is measured during the sweep of step
710, and the data stored for analysis.

The sweep rate is selected so as to permit sufficient collection of pressure waveform

data and calculation of the PP per unit time, therefore providing the desired level of

granularity for PP measurements. Specifically, if the sweep rate is too high, only a few PP
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di scussion of Fig. 8 below) which is coupled to the appl anator 402.
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comprises the true position where PP maximum pressure would be measured. Conversely,
if the two maxima are not well correlated, additional data gathering (sweeps) may be

25  needed to resolve the ambiguity and/or more accurately localize the desired lateral position
for the transducer 422.

In addition to maxima which are not well correlated in position, lateral sweep
profiles with multiple local maxima and/or artifacts may be observed. As shown in Figs.
7c-7d, movement by the subject during sweep or other sources may induce noise within the

30 PP profile(s), thereby frustrating the identification of the true maximum position. In the
present embodiment, the occurrence of multiple or no maxima (as determined by, e.g., a
mathematical analysis of each interval of the sweep relative to the others) will disqualify a
given lateral sweep from consideration, and necessitate additional sweeps (step 716). Signal

processing algorithms capable of identifying artifacts and maxima/minima within pressure
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is analyzed at  its, cq e results the maximum | ocation

c | eti op, and é_P‘ f
anal ysi s uskgatgs psac, ‘_f"‘ﬁg SYBR i 15rré@qea%m%?’e_sfaag@ﬁﬁéﬂfiesgﬁéé(pmé
Speci fi cal | YocutaltlPREate RSt IR PPUSRLEGE HaMa3 a0BtRIpREBmicd Prisdigulll idushg
| ateral position sweep is analyzed, and the maxi mum PP | ocation
i denti fied. CHESERPS SHOAMrESSITRIBITHRLDD K,C-taher (gt atignal applangton fenli big bdt or i s
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25  to account for patient movement, slippage, etc. Specifically, the system may take a lateral
positioning “time out”, wherein the controller causes the applanation motor 406 to retract
the applanator 402 to the predetermined constant pressure level (step 704 of Fig. 7), and
one or more lateral update sweeps performed.
It will be recognized that myriad different permutations of the foregoing steps (i.e.,
30 compression to a desired level, movement of the applanator 402 laterally across the blood
vessel, and analysis of the maxima) may be utilized consistent with the present invention.

All such permutations and modifications to this methodology are, given the disclosure

provided herein, within possession of those of ordinary skill in the art.
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t ransducer 42P2 8f or neasuring 10 blood pressure fromthe radial artery
tonomet ri cal Iy, 3 di gital processor 808 operatively connected to the
pressureotr anSdlﬂCﬁl’p&SBurdﬂ&sﬁmdMQ iuniderprabnticnibedimedi, astyais 6egaonanRdspr f or
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digital form (using, e.g., an ADC 809) after being optionally low-pass filtered 813 and sent

25  to the signal processor 808 for analysis. Depending on the type of analysis employed, the
signal processor 808 utilizes its program (either embedded or stored in an external storage
device) to analyze the pressure signals and other related data (e.g., stepper motor position
as determined by the position encoder 877, scaling data contained in the transducer’s
EEPROM 852 via 12C1 signal, etc.).

30 As shown in Fig. 8, the apparatus 800 is also optionally equipped with a second
stepper motor 845 and associated controller 811b, the second motor 845 being adapted to
move the applanator assembly 402 laterally across the blood vessel (e.g., radial artery) of

the subject as described above with respect to Fig. 7. Operation of the lateral positioning
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t he appl anator 402, or alternatively in a separate stand-al one housing
configuration if desired. The pressure transducer 422 and its associ ated
storage dwo0iose6B3R are optionally nmade renovabl e from t hecapsbamasor 402
as described in greater detail below wth respect to Fig. 8a. 20 The
pressure trapeddekanddR2omtollet §11b hssupstasiany aadpoa toelnit of the sjiplddatioraat

t ransducer enent whj ch gene tes 1 electrical signal in functional

rel ati onshi f)Oét 8°r5'Ste“b‘?"(9b@Fg'l g‘ﬁ ?g%?ﬁqﬁ' e pressure applied to its sensing
surface 421, al thoyghiqsRedist@sdiNWoaghREs NRYurlte b&edvasivEhteadiddnR@tsPoessur e
signal s generat ed by the Pressure t ransducer B}‘ég%wgre converted into a

di gi tal forRgmasey arf@'C Rarageters, (- eaplogd) gyesspre)egre deyeblenal? (his o ghs s
filtereds8lgpantis300ts Reighdd th (igidsh@y e ﬂ?é;ﬁ@%ﬁmfa%l&afn@ﬁ oPtRakbidcEblood
Dependi ng on the type of analysis enploye si.gnal processor 808
utilizes it ¥esp og¢ ailﬁ%oe@ieti H\é?ueeﬁﬁec&a@awaﬂy E%Y‘éd‘”l Hisapendittos rtp Anainipipthg e
device) to ggad vgseem.%erghﬁyéﬁw,ﬁsealf&nﬁle%e@raessqﬁéﬂ%hoﬁ,ah@mgsu%&eﬂt @Rd @iy
stepper notor position as determ ne e position encoder 877, scaling
dat a cont ai #felf tha tepNettG AN as EEF‘%@]\VPEHQV'W an pe@rite gERypENtatien of ) . 30
As shown i anrJa\gasaﬁar ﬁr&%ur@gpqlﬁeaﬁsléﬁo&%%’orj @uﬁhggn %Pf)lhrqnﬁl Isweé?)qufhgrégﬁitrdﬂel; h a
second stepper notor and associ ated contro t he second not or
845 bei h¢ adHptedtrels thanmpéan@tm aptor éﬁ@ttwmdw@mbwﬁmz(ah@mwamw tigguepss t he
bl ood vesse r f S i.he owe wWith
respect to %ﬁcé'%"% o0 r!mteé egﬁfntef ‘%(#IQI %{Jtcérmgl ﬁlgtglsjigst% llt'%e?ijl qusrg%eeﬁ%og@()é%m
PCT/ US03/ 038i86lanpttbe emloaradd ietractiooof the Iab;danasmielbmelﬂ 4921 Briregrtbé later jtates

anal ogous t o that of . th 2applan tion,nt onsi st ent

et hodol oy Soterigbhh R RN B AP AIREGT sl ao H HBHEE okt

non-i nvasi V@prmmﬁcur poviioh Sargf subdequeno dyrn@ng aropad ehnaapcﬁn@ a(eecogtrollddltﬂmé the
pressurg are h?rgi% desi r abl eOTo this end, the 5 apparatus 800 is

desi gned t o°PHPITENT #1Pre%EL8%Bper 1 evel of applanation of the subject

bl ood vessel anmm@@mat 800 sl FUdnfifiired toCaPMy MU QLY meHRIIVIBEiIcO Prelidus

condition to tain the bl ood vessel/ sue properly biased for the best
possible to é‘f‘rﬁie i Wt ESSREGE tonEiRE: - Sdzhd PRSI S"j'ysﬁsa ‘écuts??g YiBhsarset fockis:

measur ement gise,NBEd@ckctcd (RaRY) ﬁ@ssaﬂ: WHLIALIS dEPRUBIEMN! AbirHin@the average
i ntravascul ar pressure to the user/operator, During an ag@l antion "sweep"

the cont r ol ITErPulsg tgpmegicalbnmeasuisd fmean BISEUEERT S?Fhr?B‘P%ﬁueﬂ negetep ML e t he

artery p@ndyjiiit & RES&E (4 'RRHSlan" I&HAE HsD RulRPIGHE &M BR AN Ofdnife  SUCh
as that deszzrl be(fpvmth(res ectanto Fﬁ ) g) kgl m | g? g heZ ext ensi onﬁ%nd

retraction wilug deaived i @rbait ﬁ’?“ébeWéWtfa%Wa'viﬁdﬁW@ beefethe & ; ' ereakavgrage megr  t he
al gori thm (}&ure WRNaddGi) 49&5@(%\2% g;acég%%y 406pdaR, as% 2e4a0 d&rgseh hgopti nal

appl anation position, and subsedqL servoi hg around |s point) are
control |l ed fasiong Thhegesulidt pmefomt liser s@ded aa\e@ﬁnmpwbleb%@ffecewy corrected for

transfer loss.
25 In an alternate implementation, a “stretch” calculation is performed according to Eqn.

7 after the applanation sweep and optimization process has been completed:

Pis = Py + (P x Spuy) (Egqn. 7)
30
Where:
Ps = “stretched” or corrected tonometric pressure
Pu = uncorrected tonometric pressure
P =uncorrected tonometric pressure (high-pass filtered)
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The apparatus 800 is also configured to apply the scaling nmethodol ogi es
previous discussed with respect to Figs. 5d-5i. Specifically, as discussed
wi th respwotoswess? g. 5d above, the corrected (scal ed) pressusesv@sef ormis
derived by (i) subtracting the average "n" pulse tononetrically neasured
mean pressure fiom eaghspaseausnt tononetric sanple 20 value of pressure
(a "zero nean" sanple result); (i1i) multiplying each "zero nean" sanple

val ue derived in (i) by the derived scale factor, and addi ng back the "n"

beat aver agﬁn{%@t.oﬂf?%ﬁw I ot Aééas th@@gn&'ted' bndRREAbiSGd bﬁa By QAgRE (v er y

"n" beats, UuSlng scale factor. The resultant waveformis a
scal ed \/\/avefmommcvddlpmsurs dsﬁft@@ﬂugheiays Rlesredecompangng pf the uagarTesied dataavhigs | - an

al ternate | ool enenl el o iy ARLEUER: SALOUANAR ARSI INUTRA:AEaHOI N0 Lo

Eqgn. a anatl on swee Yation process has been
conpl et ed: iR prest, embodlﬁ’feht nXs&BMahgf( 1E<qn betWPeWPW%eP@ely P:0sto p0.67althopgh=
"stretched" or corrected tononetric pressure = uncorrected tonornetric
pressure =uMBDMPEETBY IR %Etric pressure (high-pass filtered) -37 WO
03/ 065878 SBM =NdeMttat sdurieg ch fpptihton RE&RHUSD Ble03486h Tlealsulftionc ttheo pealing

effectively_generates th orrected onetr S e _da y g the
uncorrected”B?§§§ﬁ%g“ﬂ@f§E@8W:Sﬁwgﬁmbgggt?“?{ g %13&503gn%%u% ?ggghp
ggcg;;egjggTﬂﬁgﬁéﬁm?%gsgx?aaiggﬁ@tﬁ?@hedsbﬁykm?zayhhsamﬁmthf&maﬁm(egBased :
iri S factor in the presen is se
to range fr@ﬁ‘@é@v%@ﬁpﬁbsﬁﬁd%ﬂ‘%t‘%rdf‘oﬁgg thg usre(yo%emt%ﬂf Rgﬂ‘(j edeig?%ee”rmr{/eg ues may
be used. Nof.gihhatculdariang BNtRRRMaMNaaR @M@n&@er((égt besiusd) rfett thh apalacon at i on,
the scaling functionality described above is autonatlcaél¥géﬁ%$§droff

(with auto Svesp PAedefasitealugds sgep 90 mmblesiitheuehnthes valpesgey & M i ng

the process mﬂxflmhrq Aokt B@lﬂ?gbrév]aﬂ @E Gi kRt ol spGRRSIOTR etrBnddusly MLeMETdP B Se
pressure point). Additionally, the user/operator is permtted to deéernlne

the m h$ mumvaisdt kit 0.ah aé st AN R B i resuld & loveprersueevafpies diy 048G )

for the app Atd.oR ep. A default value is set at 90 nmmHg, alt hough
ot her value§8@ Og g‘uru\l(ﬁ)tltuted Thi s
When the apparatus 800 begins data acquisition, a routine is optionally initiated which

calculates the coefficients for the system’s 4™_order high pass filter (with a cutoff frequency of
0.1625 Hz, which is selected to eliminate any DC component present in the signal.

20  Additionally, for each data block (i.e., each group of data associated with a given monitoring
interval), the apparatus 800 performs a parallel calculation of highpass filter tonometric data
for the “stretch” calculation.

The present embodiment also includes a beat detection algorithm. When a new beat is
detected (based on processing of the tonometric pressure waveform), a software call is made to

25  update the BMI-determined stretch factor. If the subject’s BMI information has not yet been
entered, then system simply updates the (pulse) pressure history for future calculations.

The physical apparatus 800 of Fig. 8 comprises, in the illustrated embodiment, a
substantially self-contained unit having, inter alia, a combined pressure transducer 422 and
applanation device 400, motor controllers 811, RISC digital processor 808 with associated

30  synchronous DRAM (SDRAM) memory 817 and instruction set (including scaling lookup
tables), display LEDs 819, front panel input device 821, and power supply 823. In this
embodiment, the controllers 811 is used to control the operation of the combined pressure
transducer/applanation device, with the control and scaling algorithms are implemented on

a continuing basis, based on initial operator/user inputs.
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m ni rum cut of f hel ps prevent the system from spuriously or erroneously
triggering on an 15 invalid event (e.g., a "false" maxi numwhich nmay result
at | ow preeaanessval ues due to the system configuration). PArarsos/bse
apparatus 800 begins data acquisition, a routine is optionally initiated
whi ch cal cul at gortenempleefnf o enlnoslirﬁmt, thpaisesyigpusnintsriage” coorpdiees iptyinalipas s

i rer atah b ] Blont URBMEREX R racerbr Mol WBLSHL (18 SELEFLRCLL

elininate alf nen prese It nal y,glFor each
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interval), tus 80 perf o cal cul ation .of hi ass
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etecte ased on process ononet r.i ssure wavef or

o tvar e Calhes SuiahemEaan ey eese i B, el SBaamE et o st 1

the subj ect frsmBM of N1pl0FalTBLdf@RcRASVEIgH: rangts. B Narl g HeiiRe buttdiafassighddane si npl y

updat es the (pulse) pressure hi story for future cal cul ations. The ph¥SI cal

appar at us sd@ &bf rangg). (UCHhFrElSts deprepsion PoMEttPa s VEanhe dispRN o sekec

subst anti al by o?elpﬁurmpbahagd ratgkd. OWR¥ NG tWdaflles Bhvedeerfei@BR REHpRRGSSUT €
transducer 422 and _appl anati on device 400, notor controllers 8 1 RI SC

di gi t al 1Hr o8¥sademyimal etermiaes sbs BP @él Pregionsin drscaiies anORIH LI SHRAPU DT v

817 and i nstiyehd lesevh.cﬁl.m,wqhtega%ﬁy kADed qp{ﬁerppt% hé?§t):1a sgélﬁglfﬁéforj—EDs
819, front panel Input device 821, and power sup

cbodi nent, SealisuandIcpare TEEtolssrayal MBndbn EBbTiohd bpserogerEmoNil he
combi ned prﬁ%ﬁyﬂ&tm&fsa&%% FdoRRLANBHbARSARYY RiheMe Eéﬁnthe control and

scaling algorithns are | erren a continuing basis, based on initial
oper at or/ user i nputhsrmor@a M&@%@%BW)P@EI@SO@#CO@&SB sikoyn exagr may be one

embodi n?? t, useQ ?o m?eerfag‘%]&g;ﬂg%areﬂ egchatg %n %th}%r { c?retﬁl szr y n;; ?‘EnttrXomtérlrﬁsy’stem

but t ons dISpOS ed t'he "appar at us
coupl ed t oEkdmepldrEZlordignptiays 87 Quch Tmefqoewéam)desmbagmadnmlhlg cadpendigUdr i ver

fser upon-defueSpistst St FOPRLM  RBRE T etk g VELRTnR R
present conTeaetyaridne Siguils’ofiled SanaSrS'i @nﬂlﬂ)Za&dtahﬁgneﬂﬁbg}fﬁAssrgaBQl@:rede\'&'lﬁl@m

Fr om one. of PANGIRTAF] Py HFeEedEraR o rhEo r SHGED: ot PPRRTY: Siharsiher
button bg amay goaskdt Nehe refRRNEHAL inferA@eirchit RS ﬂh@ﬂlstlw%ﬂﬁdnfhgk lof afl@RARE[Y ON
pronpts the user via the display to select, one of a plurality of helght

ranges. OncBterfigiag witiditeraliyany tmwé PRit&IH MERt QI sydem regardisshaf | %ﬁ% figyatgmo

aut omati cal Im/trd@%aeﬁm rtﬁ§ aédaﬁ‘atd"%oﬁ%fBfeeﬁfésQMSIWenﬂ% %upln:e% t@ﬂﬁo,@&e&]&nmﬂ t wo
inputs to calculate , is then automati cal ratioed to the PP to

generate a m@afapmgrwa@ﬂlews chrea@n@ a@fl @Bﬂewa&hda@m%lon@lam:pliueﬁe appEatye| |
within the %ﬁpﬁph} 'rhé’mm'mé I@&ﬁﬁméﬁt aﬂEé@]&%r%ﬁ ki teir facility, thereby obviating the

25 need (and cost) associated with a dedicated monitoring system just for blood pressure
measurement.

Additionally, an EEPROM 852 is physically coupled to the pressure transducer 422
as shown in Figs. 8 and 8a, so as to form a unitary unit 850 which is removable from the
host apparatus 800. The details of the construction and operation of such coupled

30 assemblies are described in detail in co-pending U.S. Application Serial No. 09/652,626,
entitled “Smart Physiologic Parameter Sensor and Method”, filed August 31, 2000,
assigned to the Assignee hereof, and incorporated by reference herein in its entirety.

By using such a coupled and removable arrangement, both the transducer 422 and

EEPROM 852 may be readily removed and replaced within the system 800 by the operator.
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in the electronic arts, and accordingly are not described further herein.
Furthernore, a patient nonitor (PM interface circuit 891 shown in Fig. 8
may be MWOwseessr® interface the apparatus 800 to an ext ePGAIUSO3/03486
third-party patient nonitoring system Exenplary configurations for such
i nterfaces R&&riageodbs sedlipgdnétimdgogizs [préviousky- q!ﬁéwéhed@et@irs(egPMP and

application 6 i aod f

I nt erfaci ngBWWrg \}ggr) |dé%c?€{tegggar@é raﬁé‘elt S'J gdanuaéé %%%%Eg%%d g\eagrgl gyned to
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i nterfacs ngur\Mat))rﬂskdn’itﬂlE:ﬁM(yarapMViﬁycp@noéor;baﬂidnémg tmhtramge sfysteinder@amhd ess of
its configu i Qn. n.this fa .t he apparatys, 800 of the resent
vent 1 on ool 8 Pheny sraRthan dbdeeFaRaY et &P i Bl Scal
clinicians aadr(gt&wrresﬂmalhgho aar @calH mﬂ@ssl andaik a1sb o/ifahligcddee (appay ablub) bi nto
in situ non or| nment al read t it reby
obviating t Bt CHR i o Rre an S Lo PRENG ot Ens

system j ustvd‘lwomnﬁwﬁ@mﬁé@m@ect i 86 WoRANBRY,. anddickts AMAAdmbIRABSEERREN 852 i s
phyS|caIIy coupled to the pressure transducer 422 as shown in Figs. 8 and

so HY t@PRighmBR0u Sretlingyfagiens or sdgediAtte Rresent i HSVEIFIROM o harnistrienerd ¢
appar at us 8Q%m whecredNl a%hetdh@ufeqm%areuwaw%r@wep%tﬁsﬂlaﬂem UG

coupl ed 30 assenmblies are describ in detail in co-pending U
Appl i cat i onorsisrized| asnpevign)yedsscribed hereé‘hfq pPodere aSivaled optRyts| B‘Tlﬁ)@m\fo@brha?ret er

Sensor and {etbaght of t)bvn%jngptﬂgﬂﬁﬁjt §llsele%QS)rpof dRS Sh % stErg l%)h@’) %ﬁérhtgpeﬂ?e

hereof, and incorporated by reference herein in its’enti usi ng such
a coupl ed aengrai@ronelb detemrinesitpessrlnindep salhe (sheh asbamenhggraph mlcah@r) ERPROM

oner at i BERG G IETRNEH AP HRBH B A B Boibifor SURIF MUBARAPY ohife
(rjrpt hod;)I ogi aslse_nﬁrlxe\:l I@ﬂwbslgagd)escrl bed herein (eog él SI\/I /| PP and BM /V\C) t he
e scali
I scre gh \Aﬁl:%t% r&?qgﬁlzgg l{altﬂ'Rl?egg ?l y l?n {ed ar P% g'an ?%er/E'EE?éscal i ng

assenbly 850 su grent assenplies are use eren
ranges. Forassextdiepiney benrebdily apptiedeit thofBNIHEP BMHo‘dﬂogrbmmuas defoiwed best i n

Tabl e | abov hree y_ass rOV|de

cor r espondi ng't e%fi‘f’wp aﬁbﬁ PL‘ ra%amhggf FEROC\jq éSg -gliscEelh
assenbl 30 gSﬁteir‘&lsa(mamdi Ighryy @Og&dnplﬂntid‘d fhgﬁonf),mlfm@iebﬂﬁte aSemb sgbg@de@a{ s)
correspondi n ex Is nd is also vi ode by
col or). Th'@geﬂ‘éag %‘eﬁl’?@%@ A spch atSFFé“%é’bmlf)tB?’? SEindg ??bl’%g%%@’%‘&%t% on
the BM/WC ©Shalifeivadexch sc¥ileWtaRRindi 0 ekahipRim gdAﬁngsmamﬁt seb@ef e sireiaht or ed,
and inserts the assenbl 850 into the 10 apparatus_800. Scaling factors or

rel ated dat&Ci8h@5ERYIAL At yré aretisrelarastive dheassanblica § dcantbe spdedivasedmprROV  and
applied to §heMminsaad eflerssy afiQiding aht @peralP ! AMAIRMNWAYEPP 2R/l CalcuBfify

25  BMI/PP. Numerous other such variants are possible, all considered to fall within the scope
of the present invention.

It is also noted that the apparatus 800 described herein may be constructed in a
variety of different configurations, and using a variety of different components other than
those specifically described herein. The construction and operation of such apparatus (given

30  the disclosure provided herein) are readily within the possession of those of ordinary skill
in the medical instrumentation and electronics field, and accordingly not described further
herein.

The computer program(s) for implementing the aforementioned methods of

hemodynamic assessment using optimal applanation and scaling is/are also included in the
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optim zed as previously described herein) to produce a scaled output. This
approach has the benefit of obviating the input or selection of data on

t he syst ewoDlwg/063828 operat or; the operator sinply deternm nesTiiuves/sxas e i ndex
val ue (such as by nonograph or calculator), and 15 then sel ects the
appropri at eappasentsog. lﬂ&ﬁe laaeﬂda@rcmbodiiowm( dre comptitga progmfmogomgtriseranasbjdche

assenbly or ,its .packa [t will r gni zed at e .use of .a mted
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forI _each?]I [ mqgragad maygl:fheuﬁﬁm%ﬂlﬁé%rfeﬁﬁm;ﬂaﬁlhuﬂ%ﬁﬁ'b‘l Yortvah,| antl mégmbafbgeat n the
scaling data applicable to that interval cal ing ata being for
xarpl & s X MRIEFORAN YR 00 ISG0F EamPIod SRR ShsbRereh P et y e
anot her alt ebRa¢ UMGse dfftRe 856 &Nl inBFn &S the C@MplEr mdeshchmeh g Yeviced BM

val ue, thereby alleviati ng t he operator fromdeterm ni gﬂg PP and cal cul ati ng
25 BM / PP. finiesledss wothaindiaean, mrlfaémsgs B REYs msgrstic dloppydisksi e hEd” t o

fall wthingtine 8eORGvesOor teden RIBRARE bubBMEREMST: Tht cbmpides BropitduriRat the
appar atus 800 described herein nmay be construcfed in a variety of
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than thoseygRaak P&adldevy demddl Refle BB Nand TiBuCRAIRE TdfGhd Bst AdFhpBRED at ion
of such apparatus (given 30 the disclosure provided herein) are read| y
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further herein. e coffputer progra
af or enent i onlgdrithes hodgpisimenhiegrthd yapplanation 98¢ seiieg metioidolggiep tiésnmbedappdimnat i on

and scalingy s} 8 6,aL50 LShUAEd bt A0R.OINABRRPSTLIRR, GRse

appar at us nplary e od| nen rogram orrprl ses
an object ¢Smmodtipnegrim moniermesraneasscenﬂaat iamguag;ef/macr@wdedonntmetncmoaéedispcst:d ng

i npl ementin h I of Fig it her .i.ndi.vidual |

Conb nat i on Wt e Frogen ¢ e 09RO L gBoRE B Fopt MRCh Bl dipretsof or
enbodi nent , n11ctrolybbde|ssobessa@ﬂé@wltattﬁdhédﬁﬁynmlbafeamrﬂgd’naﬁmaﬁgu&doamgﬂazgﬁm may
be used, incl F(g{”?q for, npl.e Vi sugl Basi CTM, The obj ect

code represéf PEyVi F\ 8W@§e8 URaFIgESs r‘l'bthi""s't 8‘6"&?5?% tgﬁln%?ﬁéorr?aiya e

di sposed(onaj@ndrediofsimSibiofiA@arel &Vinfpfenttht thB @rdeypes WelcliodaNGVWBudhtopeetgsput er
arts. Such rredl a storage devices can include, without Iimtation, optical

di scs, CD RO %ﬁ‘@'ﬁ@(“f i thy Jinigp] anddpme settingsawhere spaes (3ad casg aﬁ%pemﬂm)eaée or
even magnet htcd‘;;é;p;lgh@ menory. The conputer program further 10 conprises a
graphi cal user interface (GQJ) of the type well known in the programm ng
arts,

Method of Providing Treatment
25 Referring now to Fig. 9, a method of providing treatment to a subject using the
aforementioned methods is disclosed. As illustrated in Fig. 9, the first step 902 of the
method 900 comprises selecting the blood vessel and location to be monitored. For most
human subjects, this will comprise the radial artery (as monitored on the inner portion of
the wrist), although other locations may be used in cases where the radial artery is
30 compromised or otherwise not available.
Next, in step 904, the applanation mechanism 400 is placed in the proper location
with respect to the subject’s blood vessel. Such placement may be accomplished manually,
i.e., by the caregiver or subject by visually aligning the transducer and device over the

interior portion of the wrist, by the pressure/electronic/acoustic methods of positioning
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which is operatively coupled to the display and input device of the host
conputer or apparatus on which the programis run. In terns of general

st ruct ur ewotodeerogram i s conpri sed of a series of subroutPCAEsS0®03486

al gorithns for inplenmenting the applanation and scal i ng net hodol ogi es
descri bed hprebusly tFeteasdd onby neles unads. pafeatehe ifmstcbapkanqmiooveilmhmﬂt 402 tnhe host

apparatus 8 the conputer es an

| anguage/ m%‘?e&at%gp(featef’ﬁgé ?y%tt?gwlasflg nssps)%sed% (m%grﬁgg{ V?ﬁ%&jﬁgﬁ" orage
devi ce, i . elev§lisogs andemitp by optivial pbeiticdi vifieteathe pifatesfamnsten lossiing bohpF &€RSSOr
associated with t henodynam. ¢ _neasur enent . a ratfus.800. This lafter
enbodi ment BEOTHRSIT FE A SR D AL REEL. ThE DRACESOBVFSH UG { he
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functionality. Such conpactness is highly desirable in the clinical and

home settings, vén@eeahspptfal(iavdl ofapsamfio®f@rtaé apslinar &lenfdnt A0, URR
Met hod of Providing Treat nment 55 Ref e r| ng Eowto Fi?. 9, a net hod of
provi di ng t PESHFKEYetosmds BEBEEPLL TSt HE the redsvanteiats RspreeseraichBored ps

di scl osed. Aguitdd @&brabvpdutm ch%smg,mziyhlﬂclfJﬂd’ Fbr &8Pl QAc@htidnhsT théphibod 900
conprises selecti ng the bl ood vessel and | ocation to be nonitored. For nost

human subj elressure(gysioligimipusigsinlicls galeylalion of man Bressurey of meaniies BYesdintn t he

inner pogtigRe mtervmbeanwpﬁsaa,l s@llihoHab ntlahiREd peSsatd RARIIMRYs)PONEDRGhdr) cases
where the radi al arter 30 co;g)rom sed or ot herw se not avail abl e

Next, in st@ﬁulgmoutwﬁ% pﬁlyéfﬁh‘i Aerligstodin RFGSEIESADWST RessHgCIBEAN MESHE, §i¢- bper
l'ocation %rkfa]erneg%pé‘r%d 'irpstémlzswéoe&hﬁ aRdIRRE bR HEY ms?ébc 1bp'ﬁ19¢9i€ ¢may be

acconpl i shed manual 'y, by the careglver or subject by V|sua
aligning t h@ortlwrfs‘dhmem@sﬁds thew irepeatesl/ éstept Hd) if; desieadi sgrasp@rpmvm @ﬁtlnu@es Wi st

by the pres g&ﬁﬁ eposi tioning -41 WO 03/ 065878
PCT/ US03/ 03@%&)’6%%\%ﬁ%ﬁ%ﬂ%ﬁé@?ﬂﬁ%&dgj&cﬁﬂl eSg{'rher means. Next, the first

appl anat$on el e_nlmstly,éliﬁthp§léoﬂer‘at)mtep’étrnesﬂe@n@ltt.)@f e lmwdd@naapcplpanamtmrt he
tissue sur r%lcjgg,fisl?/ﬁgh /ol? %?tgllc glﬁ?f%rf:stsﬁ)re lsq'ges ?96: b E\f‘or prOVddlré% ﬁéa?menqsot | Ty

an opti mal i on ere tTans er er
associ at ed tMetshbJEdfterromnmdn‘, ithec careatsdi systa ivt anar diaswolici lgembdressﬁ‘eevq:bmasofre

di scussion re 5 .her.ein i.lLl ustrates one ex nmet hod of
R e i TR o) P e DA (AR

appl anat i onasf dlrrmtgmerga@plpafea{aamgl satie ficasdfbhehs ML be tdlRcted loRESAMN Etdkdyef or m
i s neas e rel evant data processed and stored as

ste nd .t
require 6(5?&9‘19(11?05 ¢ §U ﬁ“%?’%?ée’géll‘?‘i‘é R teRe lﬁ‘d@e agitial QRpTseonsg Af i at i on

of the pul s@rcuRk®@$ Siktén (OF Yifet Qibjet. MPHAWAacdIGafchPhdeits, or e bdbds T tRhtntERAN
pressures or rrean val ues over finite 10 tine intervals, and optional

scal i ng of MARbHrEHibedibasedansthe sesyltioe plopdrpregsureangasypmess @s is well known in

the medical arts. Similarly, in that the present invention provides for continuous blcod
pressure measurement, the effects of such pharmacological agents on the subject’s
25 physiology can be monitored in real time.

It is noted that many variations of the methods described above may be utilized
consistent with the present invention. Specifically, certain steps are optional and may be
performed or deleted as desired. Similarly, other steps (such as additional data sampling,
processing, filtration, calibration, or mathematical analysis for example) may be added to

30 the foregoing embodiments. Additionally, the order of performance of certain steps may be
permuted, or performed in parallel (or series) if desired. Hence, the foregoing
embodiments are merely illustrative of the broader methods of the invention disclosed

herein.
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resulting outputs (e.g., systolic and diastolic pressures, pulse pressure,
nmean pressure, etc.) are then generated in step 912 based on the anal yses
per f or mredwD3®638p8 910. The rel evant portions of the proc®€3/Use3/033emn
repeated (step 914) if desired so as to provide continuous nonitoring and
eval uation of t HEhikuthi ebtvesddolilod desoripg®aurae shavh, ldestibad, and psihied ot fovel he

"corrected"_ nmeasurenent of the.henmodynam ¢ par te e , talic
and or i asEOPRL o EPR et PP AE I BTN be ey ThiaRghe
treat ment temisdidne, subbgitetidns, @l clengedpihethe tiren and Weteilsedf shestevice Corapraeess

di astolic bJood pressure val ues ar: eperated and di.spl.ayed or. . otherw se
provi ded t o 'PHEteH &t 'E%ﬂﬁgjyptﬁ?f\‘iis[ﬂ@Fd ?"nthF éﬁIW'g’PWed%p%rﬂ%ﬂ%%stgﬁﬁﬂ”i“n‘g Wr gery.
Al t er nat§ veinyentish CThaMagbih L TEEiRiofBY oftRe BRI N6 |irekeMyeson i pRIddeiTd el i)
period of tinme and analyzed fqor laong termtrends ip the condition or
response of o4t inygnpiary) i‘eléﬁ?cngém"o‘ro YReMEH ke limbrg: bl cathes gheud bagent s
or other cogkses illstrhtRaIMBNEencRBYrikiIR TR inb@fioRaTRE s@pe P thel iREMlisd N

bl ood pressure neasurenents, as is well known in the nedical arts.
Simlarly, $heuldhgdeterminedmalbasferenssyeiie F8¥spr ovi des for continuous bl ood
pressure neasurenent, the effects of such pharmacol ogi cal agents on the
subject's 25 physiology can be nonitored in real tine. It is noted that
many vari ations of the nmethods descri bed above may be utilized consistent
with the present .invention. Specifically, certain steps are optional and
may be perfornmed or deleted as desired. Simlarly, other steps (such as
addi tional data sanpling, processing, filtration, calibration, or

mat hemat i cal anal ysis for exanple) nay be added to 30 the foregoing

enbodi ments. Additionally, the order of performance of certain steps nmay be
pernuted, or perfornmed in parallel (or series) if desired. Hence, the
foregoing enbodinents are nerely illustrative of the broader nethods of
the invention disclosed herein. -42 WD 03/065878 PCT/ US03/ 03486 Wiile the
above detailed description has shown, described, and pointed out novel
features of the invention as applied to various enbodinents, it wll be
understood that various om ssions, substitutions, and changes in the form
and details of the device or process illustrated may be made by those
skilled in the art without departing fromthe spirit of the 5 invention.
The foregoing description is of the best node presently contenpl ated of
carrying out the invention. This descriptionis in no way neant to be
limting, but rather should be taken as illustrative of the general
principles of the invention. The scope of the invention should be
determned with reference to the clains. WO 03/065878 WHAT IS CLAIMED | S:
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PCT/ US03/ 03486 1. A nethod of measuring the pressure in the bl ood vessel of
a living subject, conprising: 5 disposing a sensor adapted for determ ning
t he presswoasa@isis ed t hereto proximte to said bl ood ves®elrjusdgoasen ni ng
at | east one pressure val ue using said sensor; and scaling said at | east
one pressurwHAl BEasED ISn at | east one physiologic paraneter to produce
a corrected value, said corrected val ue being substantially 10
representative af tha mehobf pessLY e Webdareninghed blobd sosel\of adeing Bbjedthe

met hod of Claiml, wherein said act of disposing conprises placing at

| east a porfABHSIBE t he sensor in contact with the tissue overlying said

bl ood vessel, said gBp& @M d sehdoh8dapeed@deiniiging e predsliry apliggniesad ng sai d

bl ood vessel over tine uslnq said sensor; 15 determi ning the |evel of

conpr essi on wherrsoxamae&q saidblegshvestehion of the pul se pressure associ at ed

with said bl ood vessglethias & I0RSHE pREutNAIUB 18SSBMIEsAREaRdT ned by  said
sensor; and nmaintaining said sensor at or near said | evel of conpression

where said desired 6w@HOg Sid Rt dsepisens, prosgurg valig daprdt fodt 5pst @GiPHYSOIO8Kher e n
said act of var Ipqgh%tep QP ERRE R FRTRS VRIS saREESRERE REILBbedBPduBR@iadn Sweep
froma state of ‘underconpression of said blood vessel to a state of
over conpd essi on. reptesethievernb theaetudlpressuss witlan sajgheqsd ¥essshi d appl anati on sweep
conprises linearly ' t Si tnen: of - sai : ' Lhtto a
reference point ias aﬁ%ﬁ{gp}%gr?tpgtjﬁﬁi lﬁ‘é&’.hg%gp%l.ds%%gf %E%@gcg‘nb%eg?%ggg _Wherein
sai d appl ankhitanpstieepl horrprsos #scataspWwith ske tissae prerlyinghwidblepd vesselosaid ai d
sensor with r%§$ %%mhgnpréﬁéerence point as a function of tine. 6. The
met hod of C"IMAY 3RS A ¢ai d act of determining the |evel of
conpr essi on conpri sesariavhasmpragngdaid adtveselovenrtessising syidya@bar m duri ng sai d
act of rformng; and 30.identifying at | on if Sl aid at
| east o g wavef or m 2%?6“%Tg?¥h§vﬂ%ﬁﬁ%“%%???g@%mﬁ%ﬁﬁg&%§?§@?%$%ﬁgdﬁ?ﬁ sai d
desired conditi Oftessife askbelata®vitbdaid blotd adssal Existwvbaaedomths gredsuacdetaphined by
identifying at |least one artifact conprises: analyzing said at |east one
wavef orm on a pePldsE%P:BISi s; -44 WO 03/ 065878

maintaining said sensor at or near said level of compression where said desired

condition exists.

20 3. The method of Claim 2, wherein said act of variably compressing comprises
performing an applanation sweep from a state of undercompression of said blood vessel to a
state of overcompression.

4, The method of Claim 3, wherein said applanation sweep comprises linearly
varying the position of said sensor with respect to a reference point as a function of time.

25 5. The method of Claim 3, wherein said applanation sweep comprises step-wise
varying the position of said sensor with respect to a reference point as a function of time.

6. The method of Claim 3, wherein said act of determining the level of
compression comprises:
measuring at least one pressure waveform during said act of performing; and
30 identifying at least one artifact within said at least one waveform, said at least
one artifact being associated with said desired condition.
7. The method of Claim 6, wherein said act of identifying at least one artifact

comprises:

analyzing said at least one waveform on a per-beat basis;
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PCT/ US03/ 03486 eval uating at | east one second paraneter associated with a
first beat of said at |east one waveform evaluating said at | east one
second pawemswess7Tassoci ated with at | east one otner beat pofi/isas/aB4ad | east
one waveform and 5 applying at |east one criterion to said beats to

identify said desiregdacafediQq RE sechitl SeRanidte assucieted Bith alfest bedtbbeaidbt C ai m
7, wherein said at | east one second paraneter conprises the pressure
anpl i tude, and ast@neiwayefes®; condi ti on conpri ses maxi mum pul se pressure. 10

9. The method of O ajyy)GingMIRrLiest S edHd pasler RBGiaAdNEIh heait caooped Ses
two consecutive beats, said two consecutive beats being sequential with

said first beat beat af gid &tfeiafttem‘@?ve&ﬁ'ﬁp?'idsi ng a difference in the pressure
anpl i t u%e of a pr edeaepﬁyﬂrgla?%ag%ﬁgﬁﬂ&%% satPealsideRIN od @dsirandbn@itioh be
i

foregoi ng clains, wh sald act of scaling conprises: 15 determning a
first physiol ogipolswpikssereof sai d subject; determ ning a second physiol ogic

val ue of said S-Lébj eclr].'e %ett}%dnbp%l Al 9 Ynelef@slid %elezﬁPyO%boﬁeE’&depi}%@t@iEter
based at |east i"h pa P ona frelationship between the first and second

val ues; andcoumprieg thaiptksaire hreplittidepaed piiy siesited gondipien earerrises Mexigws gulshi d at
| east one pressure 20 value. H The nmethod of C aim 10, wherein said first
and second PRYYFol ogi ¢ val ues conprise the wei ght and hei ght of said

subj ect 1o r espectd. vel Yhe hethodbe Chah IBpedhatinanaid abfeastinme othee et ngmprisas e
wherein said at | east one hysi ol ogi araneter CONPI.j,SEs dy,: pass

i ndex (BM )COGFeC%‘iedbeé‘ﬁbff’é%tt‘go f%"si%”?'gerrc?&gﬁw?f‘ﬂ%8‘“‘6‘1?“?3' Rt s%gd bt 3?%1 %a“ggi d

act of scal iNgicQBRbHiSESa diffeRnEd iRghepresak amglipde aimtrafetmow perc¢néagst  sai d
BM and a pul se pressure (tPP) measured fram sgid S biecté. andofsgc%‘ik%g
based at |east iW- parhe dhethodi of aWatf Hy apURE LRIMS. PPCTeh dif 8¢t 065 ai m
13, wherei ncoﬁﬁdrgesact of formng a scaling paraneter 30 conprises (i)
forming a ratio of said BM to said PP, and (ji) adding or subtracting a
const antsval ue tdstermingafisipiiytielog valys af RihsUBeCty 5. The nethod of O aim 12,

least sai d BN Sk e e o odf Fom sai d subj oct
and obtaining said at least one physiologic parameter based at least 1n part on a
relationship between the first and second values; and
using said at least one physiologic parameter to scale said at least one pressure
20  value.
11.  The method of Claim 10, wherein said first and second physiologic values
comprise the weight and height of said subject, respectively.
12.  The method of any of the foregoing claims, wherein said at least one
physiologic parameter comprises the body mass index (BMI) of said subject.
25 13.  The method of Claim 12, wherein said act of scaling comprises:
forming a scaling parameter from at least said BMI and a pulse pressure (PP)
measured from said subject; and
scaling based at least in part on said scaling parameter.
14.  The method of Claim 13, wherein said act of forming a scaling parameter
30 comprises (i) forming a ratio of said BMI to said PP; and (ii) adding or subtracting a
constant value to/from the value of said ratio.
15. The method of Claim 12, wherein said act of scaling comprises:

forming a scaling parameter from at least said BMI and a wrist circumference (WC)

measured from said subject; and
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-45 WD 03/ 065878 PCT/ US03/ 03486 scaling based at least in part on said
scaling paraneter. 16. The nethod of Claim2, wherein said act of varying

t he | evelwofo3oeisps essi on over time conprises varying thePCeExsb3/af4se
conpression at a rate which is at least in part a function of the heart
rate of said subsiag based atﬂeasﬂ‘lln@)anehIsaidlsccaﬁng]azaiimtmﬁ wher ei n sai d heart rate

5 Teacuned Ul g S SRSl on®s TRTEH R Pl Tt M1SERLL 3 2

of scaling conp east” bire gic paraneter
of said subjettime ico@pides ydtr?@g @hd Rldtdf @bmbiegidnedt weret elachd lsadt I¢astaint pactne
paranmeter and a scal |%% fisg f.or said at | east one pressure val ue
measured f rigPateaPHheNGEdRG saldisubieihy 10 using said scaling factor to scal e

sai d at 4 east one. pressSHMERoVFHUAM 139whe-|'_$lﬁsd@lﬁdaﬂ(ﬂat@% nfehardnudi@g saMhemesrn sai d
at | east one paraneter conprises body fat content, 20. The method of Caim
2, further conprldsi nghv@eRphef ¢l bd%hefq“b??‘%?“% CHINgCOMBHES  one transducer

in a substantialdyh@l@sah aflesseoid sibRbRphmeleP oSRAIdbubkapd vessel so as to
optimze 15 sa|§ desired condition of said act of determni n

met hod of O ai migaififing & Figtiopdim PereregsaihitylFath R HBRLsT NG ? Gf '%*%er%u
| east one toﬁ&?@é{‘i% 4 8%S§Hé>§$1@ef}£éa§b.learfreﬁ]%drmdod%gsacgﬂoon relative to said

bl ood vessel so as timze said desired condition of said act of
determ Hi ng. 22. us‘ﬁbearmahogifaeﬁortqsa@lﬁﬁmat Ipgskensipiessuss Maldkesi red condition

conprises mexi g 2QnP %leﬂ“lgd Bf ?ﬁﬁ@ﬁﬁwh@t%% ald 4t %?ttonmgﬁarggtersc%hﬁgl @& bedPf

varying conprises: neasuring a one pressure waveform during sal d act
of varyi ng; fatsateyii. ng the position of said sensor over a range of positions;

and identifying {hat 03| i Xe) S L: Weq] for a
given |level of 2f?orrpr §dF %n‘? Ebf epcogﬁ% g%ﬁrﬁ%@ﬁ{e%&ﬁoﬁéétﬁ‘gﬁl@ﬂt
conpri si ng elettansutdritga aubstaainll phess diretiomictahivatoasid bbead vessri eo priesptimiee
wavef or m obt aj ned fro sai.d.senspr:. and wherein said act of scaling

conpri s& iﬂ)‘H}F caaq! t(ﬁonsocféef"??'lcéo?‘iléet"gw %o pressure val ues above and bel ow
said nean. 24. The nahbastell oElcdim 23 furthembveipeising Sadythgahd¢ pastiodi cfpaidiang

conprises placin 30 at st ortion of the sensor.jn contact wi.th the
ti ggue ovelrolf’%t ﬁ@eg‘é%i‘ﬁq}‘cﬁ] ‘68&%&%@3 proggm d'rﬁ%‘f)%%at'fvﬁ? édrﬂg PESTO

variably copRigssaidiesirl dodditRAG] Wab&ebf dethiningme usi ng sai d sensor;
22.  The method of Claim 21, wherein said desired condition comprises maximum
20  pulse pressure, and at least one of said acts of varying comprises:
measuring at least one pressure waveform during said act of varying;
varying the position of said sensor over a range of positions; and
identifying that position where said pulse pressure is maximized for a given
level of compression.
25 23.  The method of Claim 1, further comprising determining a mean pressure
within at least one pressure waveform obtained from said sensor; and
wherein said act of scaling comprises applying said scaling factor to pressure values
above and below said mean.
24.  The method of Claim 23, , wherein said act of disposing comprises placing
30  at least a portion of the sensor in contact with the tissue overlying said blood vessel, said
method further comprising:
variably compressing said blood vessel over time using said sensor;
determining the level of compression where a desired condition of the pulse

pressure associated with said blood vessel exists based on the pressure determined by
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determ ning the | evel of conpression where a desired condition of the pul se
pressure associated with said bl ood vessel exists based on the pressure

det er m newolwy/063868 WO 03/ 065878 PCT/ US03/ 03486 sai d sensor pcanosed4sd ai ni ng
said sensor at or near said |evel of conpression where said desired

condi tion exi st sgiddensod Afg Met hod of Caims 23 or 24, wherein said act of
applying scaling factors 5 to pressure val ues above and bel ow said nean
conpri ses appl yi ng a Mriyiining saiq sensos @aringay saifl yelnf coraprespion ayhiete spiel desingd es
above said nean,uégﬁkﬁkﬁggalive (-) scaling factor to diastolic pressures
bel ow said nean. 26. A nethod scaling an unseal ed bl ood pressure

measur enent deri3fed flhemethod|of lags 241bj 246 whergmrapidi ast efgepplyhgdetlimgfaatorag a
first physiglogqi ( Lect . J: NJ . .

physi of oy ¢ pariiier AREabE, il R et RS bampu B Sl DR RRng <a
first and sécont pardinpressss aode saidimegn, sad d negdtat i(Onsaling faatorge alastosiai d
unseal ed le%%ueE SSure jneasur enent . 27. The nethod of C aim 26, wherein
said first Bhy3|olog|c paramneter conprises 15 the body nmass index (BM) of
sai d subject. 286.TheA methoddcading @Gh ainspaRd blosk eressure seadirawmo detivieli ffimoh ogi ¢
par anet er ﬁan§§i5e§ the.circunference of said subject's wist (W). 29.
The met hod OYMEPUIGH:58MPU% ei n sai d act of forming conprises formng a
rati o ofiosai d BMetdrmirtied difidphy2i0logid parkheterref daikubjectCl ai m 29, wherein said
act of using conprises (i) correlatin said ratio to a scale factor; and
(ii) multiplying &My REd AP PhSloEF BNy edisaedal e factor. 31 The
met hod of d ai mF%Qning\/ﬁ%laidﬂslﬁ?b&waéﬂsaﬁffﬁrﬁk(&hﬂgécaﬁd Pari@émianges: providing a
plurality of discrete intervals of the value of said ratio; 25 providing a
val ue of said sc#ig spidceiaronslip txsals sgifl uasenlgd Plopd Piratuss measeremeAtai ni ng one of
said val ues of sgid sgRlhifaGlelail28adhddn the sepK3R affneYlcbgpMes sai d
ratio. 32. The nmethod of Cl aim 30, wherein said act of correlating

conpri séd: thebedy @psidndex{(BMéroftspidewbieshal rel ati onshi p between at [east said
scal e factor andysai dpe3fedidd idf: cd BeL@iNisHY S2bM SrRlFodi@GhAmeRased on

said ratio and saird first functional
comprises the circumference of said subject’s wrist (WC).

29.  The method of Claim 28, wherein said act of forming comprises forming a
ratio of said BMI to said WC.
20 30.  The method of Claim 29, wherein said act of using comprises (i) correlating

said ratio to a scale factor; and (ii) multiplying said unscaled measurement by said scale
factor.
31.  The method of Claim 30, wherein said act of correlating comprises:
providing a plurality of discrete intervals of the value of said ratio;
25 providing a value of said scale factor for each of said intervals; and
obtaining one of said values of said scale factor based on the corresponding value of
said ratio.
32.  The method of Claim 30, wherein said act of correlating comprises:
providing a first functional relationship between at least said scale factor and said
30 ratio; and
determining said scale factor based on said ratio and said first functional
relationship.
33. The method of Claim 32, wherein said first functional relationship is linear.

34.  The method of Claim 32, wherein said first functional relationship relates
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relationship. 33. The nmethod of Caim 32, wherein said first functional
relationship is linear. 34. The nethod of Caim 32, wherein said first
funct i onaworeglessronshi p rel ates -47 WO 03/ 065878 PCT/ USO3/P03AB63/6886€ scal e
factor, said BM, and said WC. 35. The nmethod of C aim 32, wherein said

first and 5?&?@&‘3&?&(&’ &'@%M‘? 3“9%%1% ers are substantially unrelated to the

bl ood pressure o sai d su An apparatus for neasuring the pressure
within the bl ood3vesske mﬁthad ldafvClagn B, switgreiet saglo st | andnepcord phesslogie

Sensor adaptaeramétgrs(Q?ts%gsFt nttthf B{rgat%&l{oethgﬁl%ggbr%gs%% on“sclllBs g bl ood vessel
and generateé a Sig re?afil%g eret o; and a processor operatlvely
connected to sa|315 senﬂaoappansaaisdorpnmmtgdhe p@m‘uregmﬂed thet ldogglevessehdfa bning

esti mat e_ of alg | ood pressure within said vessel based at least in 10
part on 3ai FPNHHNPYENE scal i ng data provided to said processor. 37. The
apparatus of C aim 36, présmﬁeheﬂfsoﬁﬁmipfedSb detectahe pessate BERiasddow g eaidl®lobd e
associated with sal st _one storage device having said

sen
scal i ng data st ofE¥f f"ﬁjggreafrﬁte aé’tg“?ég@t‘“%tﬁ%retﬁpﬂdanati on assenbly adapted to

bias a portion of ti sSp6cessbd opd’rﬁlweIWdoﬁnéoﬁdetalsﬁidbbﬁﬁﬂ sMeMssoﬁMﬁ@ured
controller operatively coupl ed t? sgi ﬁ) at | east .one Cg n assenbly
and adapted to chrﬁeP?fPtetaﬁés?iB%tFP &fHd { Qijé’é?““r%@" %! %ﬁ f“‘iﬁ apfeagyin m 37

wherei n(gai d bl opgh dreERIBIgnGINR kEaHRS dAth Brok AIFd &) saidaréREr.0f @ human bei ng,
and said portion of tissue is disposed on the wist of said subject. 20

39. The appar at u¥-of Theapparays of (kimeionfustherFoawHEBE i s physical |y coupled to

said at |east one ap%@&@ttb&nst@*ﬁgéeaahéé as36tht SOWRA 1s88SseAdor.| GREL: RAE AELI Ve
surface which contacts said ion of said tissue, said portion of tissue

at |east partly $oegddavieg h%\angisabi welinevdatasiqred thggin: The apparatus of C ai m
37, wherein said COnta;gleelzfﬁronéll_%gplgﬁa?%ﬁsa%germﬁfna‘é%dtétp t& bid) QSJ ﬁmh”&feﬂgs% ed

Ci rcui t (10 device. ! appar at us alm 37, conpri sing
at | eastiSone conpukignate tpsaidblend sedsght and to control the |l evel of bias applied

to said portion of ti Sgolﬁ?rollé%pe}ﬁ\?el Q‘p@pr at%a%{ Hx‘le4é3plé¢(“{?5neés en%e}g,d at

| east one conputer programis urt er'a apte to malnt sald |as | evel
such that the puirsladmasmmomrcﬂiﬁs@osnamethemﬁh sai d bI ood vessel is

gggls;[ ﬁ‘gt Idg‘![ !’;lyi s eéfl'n&iapgaéatgsdof aglei\n %9,p\§he%ulilssa18 blood vesse gdmpmesrtﬁe radi (f“ d

artery of a human being, and said portion of tissue is disposed on the wrist of said subject.
20 39.  The apparatus of Claim 37, wherein said sensor is physically coupled to said

at least one applanation assembly, and comprises at least one active surface which contacts

said portion of said tissue, said portion of tissue at least partly overlying said blood vessel.

40.  The apparatus of Claim 37, wherein said controller and processor comprise a
single integrated circuit (IC) device.

25 41.  The apparatus of Claim 37, further comprising at least one computer
program adapted to control the level of bias applied to said portion of tissue.

42.  The apparatus of Claim 41, wherein said at least one computer program is
further adapted to maintain said bias level such that the pulse pressure associated with said
blood vessel is substantially maximized.

30 42.  The apparatus of Claim 36, wherein said scaling data is selected based at
least in part on at least one physical parameter associated with said living subject.

43, The apparatus of Claim 42, wherein said at least one physical parameter
comprises the body mass index of said subject.

44,  The apparatus of Claim 42, wherein said at least one physical parameter
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| east in part on at |east one physical paranmeter associated with said
living subject. 43. The apparatus of Caim42, wherein said at | east one
physi cal wearoawetses conprises the body mass i ndex of sai dprswhjses03486l4. The
apparatus of Claim42, wherein said at | east one physical paranmeter -48 WO
03/ 065878 RGHpki&A3 ORI 6ased apiEdss @paaon thedeist bagiederanceloésaid subjecpart on t he
wrist circunference sai d subj ect. .45.  The app S,..0f I wher ei n
said pressure tf nsdﬁ{}"er’”‘p%mﬁ“ss%i% gﬁbﬁ 31-}1 ¥ mosral@ @%%P%gté&a%u\% Iiée'mc%rrr%?tl se a

subst ant i al bt URd Eidrage AssiedTBbprad apiubstaiftally ity adssenfbityo adapaid doaparvalt us. 5
46. The apparatus of C aim 45, wherein said at | east one storage device
contains  sEn pAgaRPIESadapt ed for use on a subject having a physical

paranetey falling W fThi BoparatnRioe AR 48] WiRdeif 841¢ &t ledb? oncld@agepiesicatatsaind  Cl ai m
46, wherein said physical paranmeter conprises S .bgdé rrassfilndex. 10 48.
The appar atwsling dat adaptedafon Wik PBiansUBISFiaNAYHIEs? PAYSIGE PHAREEF UG MItiBS pody
fat pontentpre%g)eémmgrﬁggar atus of Caim46, wherein said unitary assenbly
is visibly ‘code to 1dentify the ra%e of said physical paraneter for
which it may be 4ised The@pprardtes apEkimtias WBsrein) sgid piysical pasaestel ORPHSF &i bl e
codi ng co i 15 coding, with the unitary assenbly associ ated
wth each%dr?g%g@?% a different color. 51. The'af)par atus of C aim 36,
wher ei n1@ he scal48ng dht aprapisicd€lain 44, Wherein said physicet Paragmeien cempetFsfaded on

t he measur efr nt te%[ at | east one physical paraneter obtained fromsaid
subj ect and FOVi"ded to said apparatus. 52. The apparatus of Caim 51,
wherei n said act49of hewphiraigs cfobipimi 4@ svhersiresdihhgnitappassembly vevisibhyeteded ( s)
into said apparatus using.an, i.nput i . f positioning a
pressure seﬁ@@ler“%\%ﬁ 'ﬁﬁralné%gfesgfd qhgggal B%gl)égt&\?%)éggwﬁrﬁ%}%%gﬁ?ng: di sposi ng said
sensor proxi mat esot 0 Sk chppdratosl of €4gel 4% dfereith sdid aisible geding opmprisdegelee of

pressure_coupl.i ng. petween said, pl ood. vessel and sai d. usts; 25
novi ng <A dc%déﬂ%%ft?fe]ﬁ uaftarly§55§?1b§ Fiorete a‘f't?'ef%q‘l rgﬂgeﬁa?ﬁggggﬁ%%‘?%l(gﬁ sai d bl ood
vessel while obtsi ni Meappirhias opr@smusE vaiegialthef scaling datel apglied ap;a given ng

said sensor in at |least a aeco d directi o?r}rwith rezqqlect to saiegogtlalcl)]ggl

vessel whi | &bt i salerigd fasefl @adpe measureBitht oy 4 st eI Pagimg

from said subject and provided to said apparatus.
52.  The apparatus of Claim 51, wherein said act of providing comprises entering
20 said measurement(s) into said apparatus using an input device.
53. A method of positioning a pressure sensor with respect to a blood vessel,
comprising:
disposing said sensor proximate to said blood vessel such that at least some
degree of pressure coupling between said blood vessel and said sensor exists;
25 moving said sensor in at least a first direction with respect to said blood
vessel while obtaining a first pressure signal from said sensor;
moving said sensor in at least a second direction with respect to said blood
vessel while obtaining at least a second pressure signal; and
analyzing said first and second signals to identify at least one relationship

30 therebetween.

54. The method of Claim 53, wherein said first and second directions are
substantially transverse to the longitudinal axis of said blood vessel.

55. The method of Claim 54, wherein said first and second directions are

substantially co-linear.
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anal yzing said first and second signals to identify at |east one
relationship 30 therebetween. 54. The nethod of Caimb53, wherein said
first andweesoeis7sli recti ons are substantially transversePCo/ush&03486

| ongi tudi nal axis of said blood vessel. 55. The nethod of C aim 54, wherein
said first and s¥eondhdimetbaed ©ﬁ§1%lme53»swb€§€'arﬂaldaﬁqt§/ of anqvingegach caPprivd

03/ 065878 PCTL LS Ga4BR0r 0 rcTAE: BRAAGboA L Ll MuitmtELIBFALD acts of
novi ng each conpri'se noving said sensor Wi th respect d Bt 85 vessel
at a substantiali%k C(Trhsmﬂtodloé(:tanm SSMhermesamdsadnoﬂamb'z@gaomﬁB@s wher ei n said
act of analyzing conp t fET r I within said first
pressure signal; 5 |ddenfgf%aﬁr§a%s#3%§% ar%f(ﬁra%%res%%ﬁllgﬁgSal d second
pressuressignal; and idencfgiara steg)ntihﬁithnmmirmaidcxécmdipcbssfuraf sgnafindd second

artifacts to determ ne _the tial re i-onsh e nthemwth espect
to said bl ood vessel Cogga““?htggﬁ‘?f“r‘l%“d ?a' éStr?{‘ eco(}\#vﬁg B LGN and
second arti fact sspa@dl felatioaship between theh s/éth pEspss tor said(HRiM vl mum 10 59. The
net hod of C aim f rthe [of0) i.Si ectin e|th sai.d first or
second signal s |?8 sai ea'E‘ft gg‘ n?ﬂl Wgér‘f‘ﬂesaé‘ggfsiteﬂ“ rEFoRd; %Htaﬁt?pea“h

i ndi cat es t hah rtsggpm@preggap@(m) B&GMimat | ocati ons separated by greater t han
a predeterm ned di st ance. The. net hod of Cl aim 58, wherein said act of

anal yzi h§ conpri¥es rTé‘Fé’&‘?ﬂi‘(ﬁigOf Glain g8 furhprecontprising dejestingteither ik Gl o8i gnal s
if no PP mayd-piimibsald gt &fd &4 of WetefrkininkBe BARP e1ftfonHiRimti&s thitthd @ko
conprising nmoving said sensor in at least said first and second directions
a plural i t ymerimgepgeuriablegdtions separated by gisatenthan ¢ piepdypnediditincones of

addi tional sign r fQre rmed,
Said additi onal "G grare Teet CLR & RSty ek B S KRR lhe T
signal s to atdeast orfeyfanid §pstied satond sigaels gmodtP m@lmumeﬂmﬁﬁctedher e a pul se
pressur (PP) i mu iC
pr essurz dat a, ng(;]npr Pi‘shg)rﬁﬁe?ﬁﬁootg@?lﬁlzsﬁgﬁlaﬁg{ rB "&q"‘@ %%@@%P@ﬁ%ﬁ%??om a
subj ect; obtad firsmgnd sgbuod diréctipnsod pheadiondf ddxtlta)naletnat:s mgehaaatcorrea)sndmgle

phy5|olog|c event i d subj e.and i yi tion
of said preg'%eﬁr acﬁ’g{t'on% %nﬁ% SRS %éfore T mq%& rj a gm '% Sro%rcp egaF a5 63.

The net hod edditdnal sipfds beihe neilyred alaﬂgaeith S)f d cﬁltm aihdllsér.@ndi sighals ad iideyitifsf a
pressure. dat a Sﬁ li I0Se S 10 sterilas%)p\lzvneqe a pulsee;?r%;surerBP)pra6xslr§11lilrrneex1vsvasvef orm
t ononet ri cafA% g‘% %%ﬁsa
20 62. A method of qualifying physiologic pressure data, comprising:
obtaining a plurality of pressure data from a subject;
obtaining a plurality of second data relating to at least one physiologic event
within said subject; and
qualifying at least a portion of said pressure data based at least in part on
25 said second data.

63.  The method of Claim 62, wherein said act of obtaining a plurality of
pressure data comprises obtaining at least one pressure waveform tonometrically, and said
act of obtaining a plurality of second data comprises obtaining an ECG from said subject.

64.  The method of Claim 63, wherein said act of qualifying comprises:

30 extracting heart rate information from said ECG; and
correlating variations in said pressure waveform to said heart rate
information.

65.  The method of Claim 64, said act of qualifying further comprising:

identifying at least one of said variations in said pressure waveform which is
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act of obtaining a plurality of second data conprises obtaining an ECG from
said subject. 30 64. The nmethod of Claim 63, wherein said act of qualifying
conpri seswo oaxmé3sact i ng heart rate information from sai d EGGI/UsNg03486
correlating variations in said pressure waveformto said heart rate
information. 65,die Bk ladiaotydd sHishd@dhjedaind act of qualifying further
conprising: identifying at |east one of said variations in said pressure
wavef orm whi ch is - S5elimrtoE b ay feapceust OB AEE 43t "HaeSPFIHE lg%lorddi ac
cycle of said S%Eeisﬁﬁ:é cal@Mdiog) 1 M nating said at |east one variation fromuse
in a subsequent "bl ood pressure calcul ation.
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